
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



O r(*^ 



Sheldon it CompcMj^s TextSooks. 

BULLIONS'S 



ENGLISH, LATIN, AND GBEEEI, 

OK THE SAKE PLAN. 



OABBFULLT BSVISED AND BE-STEBEOTYFED. 



nXTZTjIONS'S SCHObZ GRAMMAR $0 SO 

This is a full book for general use, also Intreductory to 

BULLIONS* S NEW PRACTICAL GRAMMAR 1 00 

EXERCISES IN ANALYSIS, COMPOSITION AN9 
PAUSING. ByProfUAMM Cbuikshank, LL.D., Ab^H Sop'tof 

Schools, Brooklyn O 50 

This book is supplementary to bdth Qrammars. 

B XTLLIONS & MORRIS'S LATIN LESSONS 1 00 

B ULLIONS & MORRIS'S LATIN GRAMMAR 1 50 

BULLIONS' S LATIN READER, New edition 150 

B ULLIONS' S CMSAR ; with Notes and Lexicon 1 50 

BULLIONS'S CICERO; wUh Notes 1 50 

These books contain direct references to both Bollions's and Bul- 
lions & Morrises Latij Grammars. 

BULLIONS & KENDRICK'S GREEK GRAMMAR 9 OO 

KENBRICK'S GREEK EXERCISES, containing easy Read- 
ing Lessons, with references to B. & K/s Qreek Grammar, and a 

Vocabulary 1 00 

^^ Editions of Latin and Greek authors with direct references 
to these Grammars and Notes are in preparation. 
BULLIONS^S LATIN'ENGLISH & ENGLISH-LATIN 
DICTIONARY, the most thorough and complete Latin Lexicon 
of its size and price ever published in ttiiB country 5 00 



" Dr. Bnllions^s system is at once scientific and practical. No other writer 
on Grammar has done more to simplify tfaTe science, and render it attractive.^* 
—National QuarUHjf Review, 

"Dr. Bnllions^s series of Grammars are deservedly popular. They have 
received the highest commendations Arom eminent teachers throughout the 
country, and are extensively used in good schools. A prominent idea of this 
series Is to save time by having as much as possible of the Grammars of the 
English, Latin, and Greek on the same plan, and in the same words. We have 
taught fh>m these Grammars snccessfhlly, and we like their plan. The rules 
and definitions are characterized by accuracy, brevity, and adaptation to the 
practical operations of the school-room. Analysis follows etymology and pre- 
cedes syntax, thus enabling the teacher to carry analysis and syntax idong to- 
aether. The exercises are nnnsnally fbll and complete, while the parsiiu^-book 
furnishes, in a convenieiit form, at slight expense, a great variety of extra 
drill. The bookg^||gQQ^y)|^gilj|||^^||J||^^Meyea."---iffinoi< Teacher. 



Digitized by Google 



-:; 



SkeidoH 4t Company s Text-Sook^ 



FRENCH AND GERMAN.! 



FBOF. EEETZLS' ITEW FBENCH SEBIES. 

The Oral Method with the French. By Prof. J ban 
GwBTAYB Kbbtels, Autbor of " Keetels' New Method with the 
French." In three parte, l2mo, cloth, each 75 cents. 

[The stvderU w Baud the expense of a large hook in eommencing 
the study ^ 

The Oral Method of TnACblng ttring Itngnages is fiuperior to all otbera in 
maBj refpect*. 

It teaches the pnpil to speak the la ng uage he ie learning, and he begins to do 
80 from the first leeeon. 

He never becomes tir«d of the book, becan#e he feels that, with moderate 
efforts, he is making constant and rapid progress. 

The lessons are arranged so as to bring in one difflcnlty at a time. Thev are 
adapted to class porpeses, and soitable for large or small classes, and for 
scholars of all ages. 

The teacher, with this book in his hand, is nerer at a loss to profitably 
entertain his Bnpils, without rendering their task irksome. 

In fine, the Oral Method workp- charmingly in a class. Teachers and pupils 
are equally pleased with it ; the latter all learn— the quick and the dull -each in 
proportion to his ability and application. It is our opinion that before long 
ue Oral Method will find its way into every school where French Is taught. 

**I find that pupils understand and improve more rapidly under the Onl 
Method of Keetels^ instruction than any other heretofore nsed.^'— A. Tatlob, 
Simtoood Seminary^ QUnn's FaUa^ N, T, 

A Neiv Method of Learning the French Langtiage. 

By Jean Gustavb Ebetels, Professor of French and German 
in the Brooklyn Polytechnic Institute. 12mo. Price $1.75. 

A Key to the above. By J. G. Keetet^. Price 60 cents. 

This work contains a clear and methodical expoBi ot the principles of the 
language, on a plan entirely new. The arrangement is admirable. The les- 
sons are of a suitable length, and within the eomprehension of all clashes of 
students. The exercises are various, and well adapted to the purpose for 
which they are intended, of reading, writing, and speaking the language. The 
Grammar part is complete, and accompanied by questions and exercises on 
every subject. The book possesses many attractions for the teacher and stu- 
dent, and is destined to become a popular school-book. It has already been 
intrtdnced Into many of the principal schools and colleges in the country. 



Peissner's German Grammai^ 

A ComjMirative English- German Grammar, baaed on 
the affinity of the two languapfes. By Prof. Elias Peissner, 
Lite of the University of Munich, and of Union College, Sche- 
nectady. New edition, revised. 316 pages. Price $1.75. 



Digitized 



by Google 









Digitized by Google 



Digitized by Google 



Digitized by Google 



' He telteth the numbei ot the Stars, and calUth them all by their nalAel. 



THS 



GEOaRAPHT OF THE HEAVENS. 



CLASS-BOOK OF ASTRONOMY: 



AOOOXPAXm) BT 



A CELESTIAL ATLAS. 

BY 

ELIJAH H. BURRITT, A.M. 

OREATJLY ENLARGED, REVISED, AND ILLUSTRATED^ 

By H. MATTISON, A. M. 



NEW AKD BBYISBD m>m01X, COBBBCTED IB 19RI* 



NEW YORK: 
8HELD0N AND COMPAmr, 677 BROADWAT. 

1874. 



Digitized by Google 



<j) ^^^' 



HARVARD COLLEGE LIBRARY 

SHELDON FUND 

JULY 10. 1940 



I seeordlng to Act of Congress, in the year 18M, trj 
F. J. HUNTINGTON, 
&i tlw Geik's Office of the District Court of the United States fbr th$ 
Bonthem District of New York. 



Entered according to Act of Congress, in the year 1878, t^ 

SHELDON & CO., 
Jb tiM Office of the Librarian of Congress, at WashingtMk 



Digitized by Google 



PREFACE. 



The rapid progress of the science of astronomy, for the liuic 
few years, has again rendered it necessary to rerise the (rtth 
fpraphy of the Heavens — a work, the popularity of which is suffi- 
ciently proved by a sale of 300,000 copies. The editor has, 
therefore, availed himself of the occasion to make such improve- 
ments, both in the book and maps, as seemed to be demanded by 
the progress of the science, and the most approved methods of 
instrnctioQ. Among these improvements we may mention the 
following : — 

1. The matter of the book has been thoroughly assorted ; the 
most important paragraphs being printed in large type, and 
numbered, as in most modern text-books ; while that which 
seemed in the main explanatory of the more important portions, 
is left in small print. By this means an agreeable variety is 
afforded to the eye, while the book is made to contain far more 
matter, and is, consequently, far more complete, than it could 
otherwise have been. 

2. A new set of Questions has been prepared throughout. 
These are brief, topical and suggestive ; and numbered to 
answer to the parafiraphs to which they relate. 

3. A complete list of Telescopic Objects in each constellation 
has been inserted ; giving the Right Ascension and Declination 
of each object ; with a brief description of it ; and easy land- 
marks and directions by which it may be found ; and references 
to telescopic views of the same in the new maps. The color and 
relative magnitude of the components of the double stars, are 
also given. TheKe Telescopic Objects, compiled with great labor 
from Smyth't Cycle of Celestial Oljects, will be found especiallj 
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IV PREFACE. 

valuable to all institutions having an eqnatorial teleS(X)}H9 
Indeed, thej greatly enhance the value of the work for nl 
classes of students. 

4. Several small constellations that were delineated on th^ 
maps, but were not described in former editions of the book, 
have been described, and their history given in the present 
edition. 

5. The ^page of the book has been greatly enlarged, for the 
double purpose of printing more matter and in larger type: 
and to afford scope for wood-cut illustrations. Of these, great 
numbers have been introduced into the second part of the work, 
adapting it, in this respect also, to the wants of both teacher 
and student. 

6. Still further to illustrate the second part of the work, the 
first map of the atlas has been re-drawn and re-engraved, so as 
to illustrate more and better than the old map. 

7. Two entirely ntu> maps have been introduced into the Atlas, 
containing views of eighty different celestial objects ; such as 
Double Stars, Clusters, Nebnlse, Comets, &c. These are 
all referred to in the book, and in turn refer from the objects 
back to the page of the book where they are described. These 
maps and the corresponding descriptions in the book will be 
found not only extremely interesting, bat of incalculable value 
to the student. 

8. A chapter on the history, structure and use of Telescopes, 
Transit Instruments, Ac, has been introduced — a subject which 
every student of astronomy should understand, but one to which 
no attention was given in the previous editions. 

Such are some of the principal new features of the present 
edition — larger type, new questions, telescopic objects, new maps, 
new matter, and numerous illustrations, making it the most per- 
fect and complete text-book of astronomy ever offered to the 
American public. 

H. Mattisok 

Km York. .Mv 1 «<•>«. 
Kbvised vs 1973. 
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INTRODUCTIOK 



1, Astronomy is the science of the heavenly bodies — the Son, 
Moon, Planets, Comets, and Fixed Stars. 
. 2. In entering npon this study, the phenomena of the hea- 
?ens, as they appear on a clear evening, are the first objects that 
demand our attention. Our first step is to learn the names and 
positions of the heavenly bodies, so that we can identify, and 
distinguish them from each other. 

In this manner the/ were obserTed and stadied ages before books were written, and It 
wa^ only after many carefiil and repeated obserTatlons, that systems and theories of 
Astronomy were formed. To the Tisible heavens, then, the attention of the papU should 
be first directed, for it is only when he shall hare become, in some measure, familiar 
with them, that he will be able to loocUe his Astronomical knowledge, or full/ oMnpre- 
bend the terms of the science. 

3. For the sake of convenient reference, the heavens were 
early divided into constellations, and particular names assigned 
to the constellations and to the stars which they contain. A 
constellation may be defined to be a cluster or group of stars 
embraced in the outline of some figure. These figures are, in 
many cases, creations of the imagination ; but in others, the 
stars are in reality so arranged as to form figures which have 
some resemblance to the objects whose names have been assigned 
to them. 

These dlrlslons of the celestial sphere bear a striking analogy to the civil divisions of 
the globe. The constellations answer to states and kingdoms, the most brilliant dus- 
ters to towns and cities, and the number of stars in each, to their respective population. 
The pupil can trace th3 boundaries of any constellation, and name all its stars, one by 
one, as readily as he can trace the boundaries of a state, or name the towns and cities 
from a map of New England. In this sense, there may be truly said to be a Qeograpby 
of the Heavens. 

4. The stars are considered as forming, with reference to 

1. What Is Astronomy? 2. What first studied? First step? 8. How are the 
heavens divided, and why? What is a constellation ? What of these figures ? In what 
sense may there really be a ** Oeography of the hea/t>&n$r* 4. How are the stars 
classified, as respects their magnitudes? What expedient for aesignatinf their plaoot 
(Q the heavens? 
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10 A8TR0N0My. 

their magnitudes, sixteen classes ; the brightest being called 
stars of the first magnitude, the next brightest, stars of the 
second mas^nitude, and so on to the sixth class, which consists 
of the smallest stars visible to the naked eye. The next ten 
classes are seen only through telescopes. 

In order to be able to designate with precision their situa- 
tions, imaginary circles have been considered as drawn in the 
heavens, most of which correspond to, and are in the same plane 
with, similar circles, supposed for similar purposes, to be dirawn 
on the surface of the Earth. 

6. In order to facilitate the study^ of Astronomy, artificial 
representations of the heavens, similar to those of the surface of 
the Earth, have been made. Thus, a Celestial Atlas, composed 
uf several maps, accompanies this work. Before, however, pro- 
ceeding to explain its use, it is necessary to make the pupil 
acquainted with the imaginary circles alluded to, called the Cir- 
clcs of the Sphere, 

CIRCLES OP THE SPHERE. 

6. The Axis of the Earth is- an imaginary line, passing through 
its centre, north and south, about which its diurnal revolution is 
performed. 

The Poles of the Earth are the extremities of its axis. 

The Aads of the Heavens is the axis of the Earth produced 
both ways to the concave surface of the heavens. 

The Poles of the Heavens are the extremities of their axis. 

The Equator of the Earth is an imaginary great circle pass- 
ing round the Earth, east and west, everywhere equally distant 
from the poles, and dividing it into northern and southern hemi 
spheres. 

The Equator of the Heavens^ or Eqmnodial, is the great circle 
formed on the concave surface of the heavens, by producing the 
plane of the Earth's equator. 

A plane is that which has sarface bat not thickness. The plane of a circle is thatima* 
l^ary saperficies which is bounded by the circle. 

7. The Rational Horizon is an imaginary great circle, whose 
plane, passing through the centre of the Earth, divides the hea- 
vens into two hemispheres, of which the upper one is called the 

0. What helps to facilitate the study of the heavens? Circles? CaMed what' 
6. Axis of the Earth? Poles? Axis of the heavens? Poles of the heavens? Equator 
of the Earth ? Equator of the heavens, or Equ noctial? 7. Rational horiaon ? Son:^ 
bluor apparent ( 
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CIUCLE8 OF THE SPHERE. 1] 

nsibie hemisphere, and the lower one, the mrisible hemisphiTO. 
U is the plane of this circle which determines the rising and 84*t* 
ting of the heavenly bodies. 

The Sensible or Apparent Horizon^ is the circle which termi 
nates our view, where the Earth and sky appear to meet. 

To a person standing on a plain, this circle is but a few miles in diameter. If the ejr* 
he elevated five feet, the radius of the sensible hortton wtll be less than two miles aiMi 
three quarters ; if the eye be elevated six feet, it will be Just three mUes. The obMrvw 
being always in the centre of the sensible horiion, it will move as he moTes,and enlarfe 
or oontrafet, as his station is elevated or depressed. 

8. The JPoles of the Horizon are two points, of which the one is 
directly overhead, and is called the Zenith; the other is directly 
underfoot, and is called the Nadir. 

Vertical Circles are circles drawn through the Zenith and 
Nadir of any place, cutting the horizon at right angles. 

The Prime Vertical is that which passes through the east and 
west points of the horizon. 

9. The Ediptic is the plane of the Earth's orbit ; or the great 
circle which the Sun appears to describe annually among the 
stars. It crosses the Equinoctial, a little obliquely, in two oppo- 
site points, which are called the Equinoxes, The Sun rises in 
one of these points on the 21st of March ; this point is called 
the Vertuit Equinox. It sets in the opposite point on the 23d 
of September ; this point is called the Autumnal Equinox. One 
half of the Ecliptic lies on the north side of the Equinoctial, the 
other half on the south side, making an angle with it of 23^**. 
This angle is called the obliquity of the Ecliptic, The axis of 
the Ecliptic makes the same angle with the axin of the heavens; 
so that the poles of each are 23^° apart. 

This angle is perpetually decreasing. At the commencement of the Christian era, it 
was about 28* 45'. At the beginning of 1836, it was only 28* 27' 8S', showing an annual 
diminution of about half a second, or 45'.70 in a hundred years. A time will arrive, 
however, when this angle, having reached its minimum, will again increase in the same 
ratio that it had before diminished, and thus it will cuotinue to oscillate at long periods, 
between certain limits, which are said to be comprised within the space of 20* 42'. 

10. The Ecliptic, like every other circle, contains 360°, and it 
U divided into 12 equal arcs of 30° each, called signs, which the 
ancients distinguished by particular names. This division com- 
mences at the vernal equinox, and is continued eastwardly round 
to the same point again in the following order : Aries^ Taurus^ 
Gtmini, Cancer^ Jao, Virgo, Libra, Scorpio, Sagittarius, Capri' 

8. Poles of the horizon? Vertical circles? Prime Vertical? 9. Ecliptic? Equi* 
noses 1 How is the Ecliptic situated with respect to the Equinoctial? Obliquity of 
Itc/iptic? Is this angle permanent? 10. Howls the Ecliptic divided? Where com* 
iHruced, and how reckoned? Name sigi i in order ? How dues the Sun proceed tbr >ugli 
lb, signs? 

1* 
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18 ASTRONOJIT. 

cnrjms^ AquariMSy Fisees, The Son, commenciog at the first 
degree of Aries, about the 21st of March, passes, at a meui 
rate, through one sign erery month. 

11. The Zodiac is a zone or girdle, about 16 degrees in breadth, 
extending ^uite round the heavens, and including all the heavenly 
bodies withm 8^ on each side of the ecliptic. It includes, also, 
the orbits of all the planets, except some of the asteroids, cince 
they are never seen beyond 8° either north or south of the ecliptic. 

12. ParaUils of Latitude are small circles imagined to be 
drawn on the Earth's surface, north and south of the equator, 
and parallel to it. 

Parallels of Declination are small circles, imagined to be drawB 
cm the concave surface of the heavens, north and south of tho 
equinoctial, and parallel to it ; or they may be considered as 
circles formed by producing the parallels of latitude to the 
heavens. 

13. The Tropic of Cancer is a small circle, which lies 23^^ 
north of the Equinoctial, and parallel to it. The Tropic of 
Capricorn is a small circle, which lies 23^** south of the Equi^ 
noctial, and parallel to it. ^ On the celestial sphere, these two 
circles mark the limits of the Sun's farthest declination, north 
and south. On the terrestrial sphere, they divide the torrid from 
the two temperate zones. That point in the ecliptic which 
touches the tropic of Cancer, is called the Summer Solstice ; and 
that point in the ecliptic which touches the tropic of Capricorn, 
is called the Winter Solstice, 

The distance of these two points from the eqninoetiftl. Is always equal to the obliquity 
of tho ecliptic, which, In round numbers, is 28c* ; but, as ve have seen, the obliquity o' 
the ecliptic is continually changing ; therefore the position of the tropics must make u 
correspondent change. 

14. The Colures are two great circles which pass through the 
poles of the heavens, dividing the ecliptic into four equal parts, 
and mark tho seasons of the year. One of them passes through 
the equinoxes at Aries and Libra, and is thence called the Equi-^ 
noctial Colure; the other passes through the solstitial points or 
the points of the Sun's greatest declination north and south, and 
is thence called the Solstitial Colure. 

The Sun is in the equinoctial points the 21st of March and the 28d of September. 0e 
s in the solstitial points the 22d of June and the 22d of December. 

15. The Polar Circles are two small circles, each about 66 J** 

11. What is the Zodiac? 12. Parallels of laUtudeT Of declination? IS. Th< 
tropics? Cancer? Capricorn? What do these circles mark in the celestial sphere* 
Oil "^^^ terrestrial ? 14. The Colures ? Where situated ? When is the Sun at the eqof 
ifOOtiai lAj-Dts? The s^lsticial? 16. What are the Polar Circles? 
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CIRCLES OF THE SPHERE. 13 

from the eqaator, being always at the same distance from the polos 
that the tropics are from the eqaator. The northern is caXled 
the Arctic circle, and the southern the Antarctic circle. 

16. Meridians are imaginary great circles drawn through the 
poles of the world, catting the eqaator and the eqainoctiai at 
right angles. 

Every plaee op the Earth, and trerj correspondinf point in the heaveiM, la aonaldereil 
as haying a meridian passinf through it; although astronooaeri apply bat S4 to the 
heaTens, thus diTiding the whole concare surface into 34 eeGtlons, each 10* In width. 
These meridiana marlc the space which the heavenlj bodies appear to describe, every 
hour, for the 24 hours of the day. They are thence soaaetimes denominated Homr Circle, 

In measuring distances and determining positions on Uie Earth, the eqvator and some 
flxed meridian, aa tliat of Oreenwich, contain the primary starting points ; In the hea- 
vens these points are in the ecliptic, the equinoctial, and that great meridian whkh 
passes through the first point of Aries, called the equinoctial colore. 

11. Latitude on the Earthy is distance north or soath of tht 
equator, and is measured on the meridian. 

Latitude in the Heavens^ is distance north or south of the edip- 
tie, and at right angles with it. 

Longitude on the Earth, is distance either east or west from 
some fixed meridian, measured on the equator. 

Longitude in the Heavems, is distance east from the first pomt 
of Aries, measured on the ecliptic, 

18. Decliimtion is the distance of a heavenly body either north 
or south of the equinoctial, measured on a meridian. 

Right Ascension is the distance of a heavenly body east from 
the first point of Aries, measured on the equinoctial. 

It Is more convenient to describe the situation of the heavenly bodies by their decli- 
nation and right ascension, than by their latitude and longitude, since the former eor- 
responds to terrestrial latitude and longitude. 

Latitude and declination may extend 90* and no more. Terrestrial longitude may 
extend ISO* either east or west; but celestial longitude and right ascension, being reck- 
oned in only one direction, extend entirely round the circle, or 860*. 

It is easy to convert rif ht ascension into time, or time into right aseenslon, for If a 
heavenly body is one hou: in passing over 15*, it will be one fifteenth of an hour, or fottf 
minutes. In passing over 1'. 

If the first point of Aries be on the meridian at 12 o'clock, the next hour line, which 
is 15* E. of it, will come to the meridian at 1 o'clock ; the second hour line at 2 o'clock ; 
the third at 8, Ac. Of any two bodies whose right ascensions are given, that one will 
pass ttie meridian Jirsi which has the least right ascension. 

19. In consequence of the Earth's motion eastward in its 
orbit, the stars seem to have a motion westward, besides their 
apparent diurnal motion caused by the Earth's revolution on its 
axis ; so that they rise and set sooner every succeeding day by 
about four minutes, than they d^'d on the preceding. This ia 

16. Meridians? How maiiyf What other ^amef How measure distances on tho 
earth r In the heavens? 17. What is latitude on the earth? In the heavens t 
longitude on the earth? In the heavens? IS. Declination? Right ascension 
Why describe by D. and R. A.? Extent of latitude? Declination? Longitude and K 
A ? Bow convert R. A. into time? Which of two bodies given will flrft pass the merl* 
iiau? Id. What a >parent motion of stars? Cause! Results? 
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called their daily acceleratiou. It amonnts to just two hovers » 
month. On this account we have not always the same constel- 
lations visible to us throughout the year. While some, that were 
nut visible before, are successively rising to view in th'j east, and 
ascending to the meridian, others sink beneath the western 
horizon, and are seen no more, until, having passed through the 
lower hemisphere, they agam reaopear in the east. 



DESCRIPTION AND USE OF THE MAPS. 

20 The first map of the atlas represents, upon a large scale, 
» general view of the solar system. This will be more fully 
described in the second part of the work. 

The next six maps represent diflferent sections of the concave 
surface of the heavens. The first of these exhibits the principal 
constellations visible to us in October, November, and Decem- 
ber ; the second, those visible in Jan»i,iry, February, and March; 
the third, those visible in April, May, and June ; and the fourth, 
those visible in July, August, and September ; with the excep- 
tion, however, of the constellations which lie beyond the 60th 
degree of north and south decliu.tlon, of which, indeed, those 
around the North Pole are alwa<;^, and those around the South 
Pole, ivtver visible to us. 

21. These constellations are represented on the sixth and 
seventh maps, called circumpolar maps, which are an exact con- 
tinuation of the others, and if joined to them at their correspond- 
ing degrees of right ascension and declination, they might be 
considered as constituting one map. The scale on which all the 
above-mentioned maps are drawn is that of a 16-inch globe. 
The lines drawn on the maps have been already defined ; and 
their use, being nearly the same with those in geography, will 
be readily understood. Those which are drawn from right to 
left, on each side of the equinoctial and parallel to it, are called 
FaralMs of Declination. Those which are drawn up and down 
through the maps, at intervals of 16°, are called Msridians of 
Right Ascension^ or Hour Circles, 

The scale %t the top and bottom of the first four maps, and In the circtimference o/ 
the circumpolar maps, indicates the daily progress of the stars In right ascension, and 
shows on wkat day of the month any star will be on the meridian at 9 o'clock in Uxk 
rvening. 



80. What said of maps? First? Next six? 21. Sixth and Mventbr 8o«l« 
Dtfscribe lines? S^ale indicates what t 
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22. The first four maps of the heavens are so constnicted 
that the pupil in using them must suppose himself to face the 
south, and to hold them directly overhead in such manner that 
the top of the map shall be towards the north, and the bottom 
towards the south ; the right hand side of the map will then be 
west, and the left-hand east. In using the circumpolnr maps he 
must suppose himself to face the pole, and to hold them in such 
a manner that the day of the given month shall be uppermost. 

The consteUation called the Great Bear is an exception to this mle ; In this constel 
lation the principal stars are marked in the order of their right ascension. 

That point of projection for the maps which would exhibit each successive portion of 
the heavens directly overhead at 9 o'cloclc in the evening, was chosen, because in sum- 
mer at an earUer hour the twilight would bedim our observation of the stars, and a^ 
ether seasons of the jear it is easier to look up to stars that want an hour ci their 
meridian altitude than to those which are directly overhead. 



CLASSIFICATION OP STARS, NEBULA, &c. 

23. For purposes of convenience in finding or referring to par- 
ticular stars, recourse is had to a variety of artificial methods 
of classification. First, the whole concave of the heavens is 
divided into sections or groups of stars, of greater or less extent, 
called Constellations. — (Of the origin of these figures see page 
U3). Next, they are classified according to their magnitudes^ 
(as already stated art. 4), and designated on the maps accord- 
ingly. Thirdly, the stars of each constellation are classified 
according to their magnitudes in relation to each other ^ and with- 
out reference to other constellations. Thus, for instance, the 
largest star in Taurus is marked a. Alpha ;. the next largest i3. 
Beta; the next, y, Gamma^ &c., till the Greek alphabet is 
exhausted. Then the Roman (or EngUsh) is taken up, and 
finally, if necessary, recourse is had to figures. 

This useful method of designating particular stars by the use of the Oreek and Roman 
alphabet^ was invented by John Bayer, of Augsburg, in Gkrmany, in 1608. It has been 
adopted by all succeeding astronomers, and extended by the addition of the Arable 
notation 1, 2, 8, kc, wherever the stars in a constellation outnumber both alphabets. 

As Greek letters so frequently occur in catalogues and maps of the stars and on the 
c^listial globes, the Greek alphabet is here introduced for the use of those who are 
unacquainted with it. The capitals are seldom used for designating the stars, but are 
here given for the sake of regularity. 



22. How use the first four maps of the heavens? Gircumpolar? What exception f 
^at point of projection chosen, and whyf 28. Olassification or designation Oi 
vtars? By whom invented, and when? 
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THE OREBE ALPHABET. 
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24. As a further aid in finding particular stars, and especially 
in determining their number, and detecting changes, should anjf 
occur, catalogues of the stars have been constructed, one of 
which is over two thousand years old. Several of the principal 
stars have specific names, like the planets, as Sirius, Aldebaram, 
RegtUus, &c. 

25. The stars are still further distinguished, as sifigle, (Umb\ 
triple^ mtUtiplef binary, variable, new^ and nebulous, 

A single star is one that appears as a unit under the most 
powerful telescopes. Double, trifk, and multiple stars, at*^ those 
that appear single to the naked ey'% but by tlie aid of telescopes 
are found to consist of two or more stars. Binary stars are 
double stars revolving around each other, often called Binary 
Systems, Variable stars are those that are found to undergo 
certain fluctuations in their brightness, sometimes becoming quite 
invisible. In most cases these changes are periodical and 
regular, on which account they are called Periodical stars. 
New stars are those that suddenly blaze forth in some portion 
of the heavens previously void. Nebulous stars are those which 
are surrounded by a faint nebula, or halo of light or mist. 

26. A duster of stars is an assemblage or group, thrown 
promiscuously together, like the Pleiades and Hyades in Taurus, 
and the Bee Hive in Cancer. A Nebula is a cluster so remote 
as to appear only like a faint cloud or haze of light. Resolvable 
Nebula, are those that can be resolved into distinct stars by the 
aid of a telescope. Irresolvable Nebula are those that have not 

M. What further aid? Age? Names of stars? 85. Stars, bow farther dUtin 
anishedf Single ptarst Double, Ac? Binary? What other name ? Variable start, 
what other name and why? New stars? Nebulous? S6. What are clusters ? M«lM 
U4? Resolvable Nebula? Irresoivable ? Annular? Planetary? 
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tH yet beeu thus resolved. Annular Nebnla are those that hare 
tlie form of an annalns or ring. Plamdary Nebula are those 
that resemble planets in form, and in the sharpness of their out- 
line. Stellar Nebula are those with a siar u the centre, the 
same as nebulons stars, already described (25). 

A more detoiled account of the double stars, clnsteri and nebola, wfll be givtn afl«r 
Ihc student has become somewhat f amilia r with the constellations. 

21. We may now imagine the pupil ready to begin the study 
of the visible heavens. The first thing of importance is to fix 
apon the proper starting point. This, on many accounts, would 
seem to be the North Polar Star. Its position is apparently 
the same every hour of the night throughout the year, while the 
other stars are continually moving. Many of the stars also in 
that region of the skies never set, so that when the sky is clear, 
they may be seen at any hour of the night. They revolve about 
the pole in small circles, and never disappear below the horizon. 

On this account thej are said to be within the circle of perpetnal apparition. On the 
other hand, the identity of the North Polar Star, strange as it may appear, is not so 
easily determined by those who are Just entering upon this study, as that of some others. 
For this reason, the point directiy oterJ^ead^ called the senith, is preferable, since upon 
this point every one can fix with certainty in whatever latitude he may be. It will be 
alike to all the central point of the visible heavens, and to it the pupil will learn imper- 
ceptibly to refer the bearing, motion, and distances of tne heavenly bodies. 

That meridional point in each map, whose declination corresponds with the latitude 
of the place of observation, represents the senith of the heavens at that place ; and 
those constellations of stars which occupy this position en the maps, will be seen directly 
overhead at 9 o'clock in the evening of the day through which the meridian passes. 
Thus in Georgia, for instance, the starting point should be those stars which are situated 
in this meridian near the 88d degree of north declination, whUe in New Aigland it 
should be those which are situated in it near the 42d degree. 

28. We mighty however, begin with the stars near either ot 
the meridians represented on the maps, the only rule of selection 
being to commence at that which approaches nearest to being 
overhead at the time required. We nave chosen for our starting 
point in this work that meridian which passes through the vernal 
ecjuinox at the first point of Aries, not only because it is the 
meridian from which the distances of all the heavenly bodies are 
measured ; but especially because the student will thus be 
enabled to observe and compare th? progressive motion of the 
constellations according to the order in which they are always 
arranged in catalogues, and also to mark the constellations of 
the Zodiac passing overhead as they rise one after another in 
their order, and to trace among them the orbits of the Eartli 
and of the other planets. 

ST. What first Important in commencing study of the heavens? What star wouM 
<eem best starting point? Why^ Wh> not the best? What point preferable, an J 
«hy ? ninstration from map. 28. With what stars might we begin? What raeridHii 
ihosea by the author? Why* 
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PART L 
THE CONSTELLATIONS 



CHAPTER I. 
CONSTELLATIONS ON THE MEBIDUN IN NOTEMBBR 

ANDROMEDA.— MAP H.* 

29. If we look directly overhead at 10 o'clock, on the 1 Jif. 
of November, we shall see the constellation celebrated in fable 
bj the name of Andromeda. It is represented on the map by the 
figure of a woman having her arms extended, and chained by 
her wrists to a rock. It is bounded N. by Cassiopeia, E. by 
Perseus and the head of Medusa, and S. by the Triangles and 
the Northern Fish. It is situated between 20° and 50° of N. 
declination. Its mean right ascension is nearly 15°; or one 
hour E. of the equinoctial colure. 

30. It consists of 66 visible stars, of which three are of the 2d 
magnitude, and two of the 3d ; most of the rest are small. The 
stars directly in the zenith are too small to be seen in the pre- 
sence of the moon, but the bright star Alraaack (y), of the 2d 
magnitude, in the left foot, may be seen 13° due E., and Merach 
(j3), of the same magnitude, in the girdle 7° south of the 
zenith. This star is then nearly on the meridian, and with two 
others N.W. of it forms the girdle. 

The three stars forming the girdle are of the 2d, 3d, and 4th 
magnitude, situated in a row, 3° and 4° apart, and are called 
Merach, Mu, and Nu. 

31. If a straight line, connecting Almaack with Merach, be 

* As the eastward motion of the earth fa her orbit cansei the gun to pass eastward 
Annually around the heavens, and the constellations to rise earlier and earlier (19), the 
•tudent will find it necessary to proceed eastward around the heavens, in studying th« 
constellations. And as the right hand of the map is west, and the left hand east, ir« 
begin with the equinoctial colure, map IL, and proceed to the l^ in the order in which 
the constellations successively arise. 

29. What constellation? Maps, and why? (Note.) How AXidromeda represented 
Itoundaries? Sitaatlon? Right ascension and declination? 80. Number of stars 
Mngnilude? Almaack? Merach? ** Girdle?" 81. Situation ofDelU? Magnitude 
bow otherwise known? Alpherati? Substance of note ^fine priU)? 
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produced south westerly, S"" farther, it will reach to (d) DeUa, 
a star of the 3d magnitude in the left breast. Thid star may be 
otherwise known by its forming a line, N. and S., with iwo 
smaller ones ou either side of it ; or, by its constituting, with 
two others, a very small triangle, S. of it. 

Nearly in a line with Almaack, Merach and Delta, but cunr- 
ing a little to the N. 1° farther, is a lone star of the 2d magni- 
tude, in the head, called Alpheratz (a). This is the N.E. cor 
ner of the great " Square of Pegasus,'' to be hereafter described. 

It will be weU to have th« poeftion of Alpherati well fixed In the mind, beeMse it In 
bat one minute west of the great equinoctial colore, or first meridian of the heaTens, 
and forms nearly s right line with Algenib, in the wing of Pegasos, 14* S. of It, and with 
Beta in Cassiopeia, 80' N. of it. If a line, connecting these three stars, be produced, it 
srill terminate in the pole. These three guides, in connection with the North Polar SUr, 
v>int out to astronomers the position of that great circle in the heaTens from which the 
right ascension of all the heavenly bodies is measured. 

HTTHOLOGIOAL HISTORT. 
82. The story of Andromeda, from which this constellation derires its name, is as follows: 
She was daughter of Cephens, King of Ethiopia, by Cassiopeia. She was promised in 
marriage to Phineus, her uncle, when Neptune drowned the kingdom, and sent a sea 
monster to ravage the country, to appease the resentment which his favorite nymphs 
bore against Cassiopeia, because she had boasted herself fairer than Juno and the 
Nereides. The oracle of Jupiter Ammon was consulted, and nothing could paciff the 
anger of Neptune unless the beautiful Andromeda should be exposed to the sea monster. 
She was accordingly chained to a rock for this purpose, near Joppa (now Jaffa, in Syria), 
and at the moment the monster was going to devour her, Perseus, who was then return- 
ing through the air from the conquest of the Gorgons, saw her, and was captivated by 
her beauty. 

** Chained to a rock she stood ; young Perseus stay*d 
His rapid flight, to woo the beauteous maid.'* 
He promised to deliver her and destroy the monster if Oepheos would give her to 
him in marriage. Cepheus consented, and Perseus inMAntly changed the sea monster 
mto a rock, by showing him Medusa's head, which was still reeking in his hand. The 
enraged Phineus opposed their nuptials, and a violent battle ensued, in which he, also, 
was turned into a stone, by the petrifying influence of the Gorgon's head. 

The morals, maxims, and historical events of the ancients, were usually communicated 
in fable or allegory. The fable of Andromeda and the sea monster might mean that she 
<?as courted by some monster of a sea-captain, who attempted to carry her away, but 
iras prevented by another more gallant and successful rival. 

TELESCOPIC OBJECTS. 

8S. Under fhe head of Telescopic Objects, will be included clusters and nebulss that 
are visible to the naked eye, as well as the principal objects of interest that are strictly 
telescopic. In describing the location of these ofe^jects, R. A. will denote Biffht A»cen- 
«to«; and Dec., DecUnation, The initials N. and 8. wiU indicate whether the 
«eclination is JTorih or SotUh of the equinoctial. 

In describing the location of the telescopic ohject, the R. A. will be given in Urns ; 
viz., in hourSy tnimUeSf and seconds^ instead of degrees, minutes, and seconds : each 
hour answering to 15". The hour circles are iistinctly drawn on all the maps, the first 
being 15" east of the equinoctial colure (Map II.), and so on eastward to the same point 
again. The hours will be seen marked iust under the equinoctial, which is marked ofl 
ihto degrees, each of which answers to four minutes of time. The student will soon find 
it much n^ore convenient to reckon R. A. by houra^ on the maps, than by degrees, Ac. 

88. HiSTORt . — What may it have meant ? 

88. What included among Telescopic Otjects ? What meant by R. A. f Dec. ? N. and 
H. ? How R. A. laid down ? How on map ? What mode of describing components of 
J«HihIe stars ? O^ a Andromeda ? Of discrepancies between R. A. given, and loca* 
tiou or stars on the uxpsf How is R. A. given in locating objecttT Why? Bo« 
tre h'mrs marked on the maps? The minutes? 
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Si. In consetiuence of the perpetual r«i eatton of the eqmuozefl westward, the R. A. 
of Abfects is constantly increased by about SO" per year. It is vain, therefore, to attempif 
Ic give R. A. for the time wfun a book ufiU be w^; or to constmct maps that will 
sLow obiJects in their trae place, for different years to come. The necessary allowaiic« 
jiust be made in all oases ; so that the R. A. for one epoch is about as good as another. 
The R. A. here given is from Bmyth*9 Celestial Cycle^ epoch Jan. 1, 1840. Maps shouIU 
be re-engrared every fifty years, but for all shorter periods allowance can be made by 
the student. As the maps accompanying this work were drawn and engraved in 188&, 
their present R. A. (1854) is about 17' or 4m. of time eati of their places on the maps. 

85. The ord^ in which the telescopic objects will be arranged is first the double stars ; 
secondly, clusters ; and lastly the nebulw. The double stars will be classed accordinp; 
to their order in the respective constellations ; i.e., a first, next, ic. Thus, as the 
largest ottjects are first named, the student can begin with those easiest found, and 
requiring the least telescopic power ; and proceed from the easier to those more diffi- 
cult. The same plan is generally pursued with the clusters and nebnlie. 

TDLESCOPIO OBJECTS IN ANDROMEPA. 

1. a AvjyKOUKDM (Alpherats)— A star with a minute companion, R. A. Oh. Om. O69. . 
Dec, N. 28* 13' 05*. A. 1, bright white ; B. 11, purplish. On the map it is weai of the 
equinoctial, the map having been engraved some twenty years : but the equinox having 
constantly receded westward, had passed Alpherats before 1840, some 8'. Similar dis-' 
crepancies between the R. A. given and the location of different stars on the map, are 
due to the same cause. 

2. /? Amdkombdji (Merach>->A bright star with a distant telescopic companion, R. A. 
Ih. 00m. 47s. ; Dec, N. 84* 46' 08'. A. 2, fine yeUow ; B. 12, pale blue, with several smaU 
stars in the field. 

3. r Amdromkdjc (Altn<tack)—A splkhdidooubuc star on the right foot, R. A. Ih. 64m. 
36s ; Dec N. 41* 38' 06*. A. 3}^, orange color ; B. 5)$, emerald green. Found by a line 
from d to ^, and about twice as far beyond. (Map VUL, Fig. 1.) 

4. 6 ANiutoMKDA— A bright star on the right breast, with a distant telescopic com- 
panion, R. A. Oh. 30m. i7s. ; Dec, N. 29* 59' 01'. A. 8, crange ; B. 11 H, dusky ; with the 
small stars in the southern part of the field. 

5. K Ajidbomkda— A wide, but delicate tbipls 8T.4K, in the northern hand; midway 
between /? Pegasi and a Cassiopeia ; or about 18* from each ; R. A. 28h. 82m. 888 ; Deo., 
N. 48* 27' 0'. A. 5, brUliant white; B. 14, dusky; C. 12, ash-colored. 

6. AH Elokoathd Nebula on the lady's right foot, R. A,2h. 12m. 358. ; Dec, N.4r 86'. 
It was discovered by Miss Caroline Hersohell, in 1788. Sir William Herschell described 
it as having "a black division or chink in the middle." H« regarded it as a flat ring 
of enormous dimensions, se^very obliquely. Captain Smyth says: *^In my telescope 
it is certainly brighter at the edges than along the central part." See map VHI., Fig. 21. 

7. About 2' from Nu at the north-western extremity of the girdle, R. A. 00* 84m. 058.. 
N. Dec, 40* 28' 06", is a remarkable nebula of very minute stars, and the only one of 
the kind which is ever visible to the naked eye. It resembles two cones of light. Joined 
at their base, about %' in length, and H* in breadth. It was known as far back as A.D. 
905, is of an oval shape, and is described by Smyth as " an overpowering nebula, with 
a companion about 25' in the south vertical.'* Sir William Herschell considered this the 
nearest of all the great nebulse, and yet so remote that it would require 6,000 years for 
Uffhi to pass from it to our system, though flying at the rate of 190,000 miles per second f 
Fig. 22, map VIU., is a representation of this object. 

PISCES (the fishes).— map V. 

86. This constellation is now the first in order of the twelve 
constellations of the Zodiac, and is usually represented by two 
fishes tied a considerable distance apart, at the extremities of a long 
undulating cord, or ribbon. It occupies a large triangular space 

84 What said of t>i change of R. A of ol^ects? Cause? Epoch of R. A. given iu 
book? Of that marked on maps? Allowance to be made in finding objects by r-*— 
«5. Order in which objects are presented ? Advantage of this arrangement ? 

TklbscgpioObjkcts.— What double stars? «? i3? >? What dusters i 
tfl.own on map, or not? ,. ,^ , „ a. 

^ Pisces? Where situated? What now ealloA* 
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in the hearens, and its outline at first is som^hat difficult to Im 
traced. 

In eonseqneiice of the annual pr«e«Mloii of tb« stara, tb« eontUUaikm Plteot bat no^- 
come to occapj the Hffn Aries: each eoniteUatlon harlng advanced one whole tlgn It 
Uie order of the Zodiac. The Son enten the sifn Pbcea, whUe Uie Karth enters that of 
Virgo, aboQt the 19th of February, but he does not reach the eontUUaUon Pisces before 
the 6th of March. The Fishes, therefore, are now called the ** Leaders of the Celestial 
Hosts.*'— Aw Arist. 

37. That loose assemblage of small stars directly south of 
Merach, in the constellation of Andromeda, constitutes the 
North^n Fish, whose mean length is about 16**, and breadth, 
7°. Its mean right ascension is 15°, and its declination 25° N. 
Consequently, it is on the meridian the 24th of NoTember ; and 
from its breadth, is more than a week in passing OTer it. 

38. The Northern Fish and its ribbon, beginning at Mcrach^ 
naay by a train of small stars, be traced in a S. S. easterly direc- 
tion, for a distance of 33°, until we come to the star £1 Rischa, 
of the 3d magnitude, which is situated in the node, or flexure of 
the ribbon. This is the principal star in the constellation, and 
is situated 2° N. of the equinoctial, and 58 minutes east of the 
meridian. 

Seren degrees 8. B. of Kl Risoha, passing bj three or foot rery small stars, we come to 
Hura, in the whale, a star of about the 8d magnitude, and known as the ** Wonderful 
Bt&r of 16M.>* El Rischa may be otherwise identilled bj means of a remarkable duster 
of fire stars In the form of a pmtagonf about 15* X. ef IL—JSee Cehu, 

39. From El Kischa the ribbon or cord makes a sudden 
flexure, doubling back across the ecliptic, where we meet with 
three stars of the fourth magnitude situated in a row 3 and 4° 
apart, marked on the map Zeta, Epsilon, Delta. From Delta 
the ribbon runs north and westerly along the Zodiac, and termi- 
nates at Beta, a star of the 4th magnitude, 11° S. of Markab 
hi Pegasus. 

This part of the ribbon, including the Western Fish at the end of it, has a mean 
ueclination of 5* N., and may be seen throughout the month of Norember, passing the 
meridian slowly to the W., near where the sun passes It on the 1st of April. 

40. Twelve degrees W. of this Fish, there are four small stars 
sltnated in the form of the letter Y. The two Fishes, and the 
cord between them, make two sides of a large triangle, 30° and 
40° in length, the open part of which is towards the N. W 
When the Northern Fish is on the meridian, the Western is 
nearly two hours past it. This constellation is bounded N. by 

87. Northern Fish? Length? Dec.? When on the meridian f 88. How trace tht/ 
Northern Fish f To what star? Magnitude ? W7.ere situated t 80. From El Rischa f 
(>ott Delta* Mean declination of this part of the ribbon? 40. What 13* wett af 
this fish? ^ .lat do the two Ashes, Ac., make f Boundaries of Pisces? 
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Andromeda, W. bj Andromeda and Pegasus, S. bj the Cascad€\ 
and E. by the Whale, the Ram and the Triangles. 

When, to enable the pnpil to find any star, its direction from another is firen, th< 
latter is always understood to be on the meridian. 

After a little experience with the maps, even though nnaccompanied by directions, 
tha ingenious youth will be able, of himself, t^ deyise a great many expedients and &ciU- 
ties for tracing the constellations, or selectiug out particular stars. 

In using a circumpolar map, face the pole, and hold it up in your hands in such a 
manner that the part which contains the name of the giren month shall be «4>permo8% 
and you will haro a portraiture of the heavens as seen at that time. 

The constellations about the Antarctic Pole are not visible in the United States; 
those about the Arctic or Northern Pole, are alwtfys visible. 

HISTORY. 

41. The ancient Greeks, who have some fable to account for the origin of almoa 
every constellation, say, that as Venus and her son Oupid were one day on the banks of 
the Euphrates, they were greatly alarmed at the appearance of a terrible giant, named 
Typhon. Throwing themselves into the river, they were changed into Ashes, and by 
this means eMaped danger. To commemorate this event, Blinerva planed two fishes 
among the stars. 

According to Ovid, Homer, and Virgil, this Typhon was a famous giant He had a hun- 
dred heads, like those of a serpent or dragon. Flames of devouring fire darted from his 
mouth and eyes. He was no sooner born, than he made war against heaven, and so 
frightened the gods, that they fled and assumed different shapes. Jupiter became a 
ram: Mercury, an Ibis; Apollo, a crow; Juno, a cow; Bacchus, a goat; Piiuia, a cat; 
Venus, a fish, Ac. The father of the gods, at last, put Typhon to flight, and crushed hiu 
under Mount Minsk. 

The sentiment implied in the fable of this hideous monster, is evidentiy this : that 
there is in the world a description of men whose mouth is so '*full of cursing and bitter- 
ness,'* derison and violence, that modest virtue is sometimes forced to disguise itself; 
or flee from their presence. 

In the Hebrew Zodiac, Pisces is allotted to the escutcheon of Simeon. 

No sign appears to have been considered of more malignant influence than /*£so«>. 
The astrological calendar describes the emblems of this constellation as indicative of 
violence and death Both the Syrians and Egyptians abstained from eating fish, 
out of dread and abhorrence ; and when the latter would represent anything as odious, 
or express hatred by hieroglyphics, they painted Skfisk, 

TELESCOPIC OBJECTS. 

1. a PisciUM {El Riacha) — A close double star in the eastern extremity of the ribbon, 
B. A. Ih. 6dm. 46s. ; Dec. N. 1* 59' U8*. A. 5, pale green ; B. 6, blue ; a splendid object, 
and easily found. 

' 8. 1^ PisoiUM— A neat double star in the ribbon, about 18* north-west of a, R. A. Ih. 
Sm. 21 s. ; Dec. N. 6' 48' 07'. A. 6, silvery white ; B. 8, pale gray ; a fine ofatject. 

8. ^ PiscitTM— A close double star in the space between the two fishes, about half-way 
between ri Andromeda and H Ceti; R. A. Ih. 2m. 81s. ; Dec. N. 8* 42'. A. 8, white; 
B. 14, pale blue. 

4. A neat doublb star, about 4* south of Alffenihy in the wing of Pegasus, R. A. Oh 
Im. 68s. ; Dec. N. 10* 14' 06'. A. 6, silvery white ; B. 18^, pale blue. 

5. A PAiKT NEBULA in the eye of the western Fish, about 10* south-half-east of Mar- 
kab, near y Piscium; R. A. 28h. 06m. 868. ; Dec. 8* 89' 7' : a very dilBcult o\^ecL 

CASSIOPEIA.— MAP VI. 

42^. Cassiopeia is represented on the celestial xsap in regal state 
seated on a throne or chair, holding in her left hand the branch 

41. HiPTORT? — Greek account? Ovid*s and others? Sentiment or moral ? Hebfei 
^diac ? Astrology ? 
Tblpsoopio Objects.— Double stars Clusters? Nebulae? Shown on map, or not? 
4S. Causioi^ia? How represented Head? 
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of a palm tree. Her head and body are seen in the Milky Way. 
H 2r foot rests upon the Arctic Circle, npon which her chair it 
placed She is surrounded by the chief personages of her roya' 
family. The king, her husband, is on her right hand — Perseus, 
her son-in-law, on her left— and Andromeda, her daughter, just 
above her. 

43. This constellation is situated 26^ N. of Andromeda, and 
naidway between it and the North Polar Star. It may be seen 
from our latitude, at all hours of the night, and may be traced 
out at almost any season of the year. Its mean declination it 
60^ N. and its right ascension 12^. It is on our meridian the 
22d of November, but does not sensibly change its position for 
several days ; for it should be remembered that the apparent 
motion of the stars becomes slower and slower, as they approxi- 
mate the poles. 

44. Cassiopeia is a beautiful constellation, containing 55 stars 
that are visible to the naked eye ; of which four are of the 3d 
magnitude, and so situated as to fprm« with one or two smaller 
ones, the figure of an inverted chair. 



' Wide ner sUra 



Dispersed, nor shine with mutual aid improved; 
Nor dassle, brilliant with contlgoovs Same: 
Their number llfty-fiTe." 

45. Caphf in the garland of the chair, is almost exactly in the 
equinoctial colure, 30^* N.of Alpheratz, with which, and the 
Polar Star, it forms a straight line. Caph is therefore on the 
meridian the 10th of November, and one hour past it on the 
24th, It is the westernmost star of the bright cluster. SAedir^ 
m the breast, is the uppermost star of the five bright ones, and • 
is 5° S. E. of Caph : the other three bright ones, forming the 
chair, are easily distingmshed, as they meet the eye at the first 
glance. 

There is an importance attached to the position of Caph thai 
concerns the mariner and the surveyor. It is used, in connec- 
tion with observations on the Polar Star, for determining the 
latitude of places, and for discovering the magnetic variation of 
the needle. 

46. It is generally supposed that the North Polar Star, so 
called, is the real immovable pole of the heavens : but this is a 
mistake. It is so near the true pole that it has obtained the 

4S» Situation? How seen? R. A. and Dec.? When on meridian? 44. Nambe" of 
Btars? Majrnitudes ? Figure? Character of this constellation? 45. Caph? HoM 
titoated ? When on meridan ? Shedir ? Importance attached to Caph ? 46. PoK 
star? la it the true pole? What variat/>nf How pole sUr situated with referenco u 



Digitized by Google 



24 A8TR0N0MT. 

appellation of the North Polar Star; bat it isi in reality, mor« 
than a degru and a half distant from it, and reyolves aboat the 
true pole every 24 hoars, in a circle whose radins is 1** 31'. It 
will conseqaently, in 24 hours, be twice on the meridian, once 
above^ and once hehw the pole ; and twice at its greatest elonga- 
tion E. and W. 

The Polar SUtr not being exactly In tht^ N. pole of the heavens, bnt one degree ana 
%\ mintUea on that side of it which is towards Oaph, the position of the latter becomes 
Important, as it always shows on which side of the true pole the polar st»r is. 

There is another important fact in relation to the position of this star. It is eqyidit^ 
tuiU froui the pole, and exactly opposite another remarkable star in the 9qiiare of the 
Great Pear, on the other side of the pole. [See Meffrm,] It also serres to m4rk a spot 
in the starry heaven s, rendered memorable as being the place of a lost star. Two hun- 
dred and fifty years ago, a bright star shone 6* N. N. B. of Caph, where now is a 
dark void ! 

On the 8th of November, 1572, Tycho Brahe and Oomelius Gemma saw a star in tba 
constellation of Oassiopeia, which became, all at once, so brilliant, that it surpassed tht 
splendor of the brightest planets, and might be seen even at noonday. Gradually, 
this great brilliancy diminished, until tho 16th of March, 1078, when, without moving 
from its place, it became utterly extinct. 

Its color, during this time, exhibited all the phenomena of a prodigious flame — first, 
it was of a dassling white, then of a reddish yellow, and lastly of an ashy paleness, in 
which its light expired. It is impossible, says Mrs. Bomerville, to imagine anytiiing 
more tremendous than a conflagration that could be visible at such a distance. It was 
seen for sixteen months. Some astronomers imagined that it would reappear again 
after 160 years ; but it has never been discovered since. This phenomenon alarmed all 
the astronomers of the age, who beheld it; and many of them wrote dissertationa con- 
cerning it. 

Rev. Professor Tince, one of tlie most learned and i^ous astronomers of the age, has 
this remark : — ** The disappearance of some stars may be -the destruction of that system 
at the time appointed by the Deity for the probation of its inhabitants ; and the appear- 
ance of new stars may be the formation of new systems for new races of beings then 
called into existence to adore the works of their Creator.'' 

Thus, we may conceive the Deity to have been employed from all eternity, and thus 
he may continue to be employed for endless ages ; forming new systems of beings to 
adore him ; and transpltnting beings already formed into happier regions, who will con- 
tinue to rise higher and higlier in their enjoyments, and go on to contemf^te system 
after system through th«* boundless universe. 

La Placb says :— As to those stars which suddenly shine forth with a very vivid light, 
and then immediately disappear, it is extremely probable that great conflagrations, pro- 
duced by extraordinary causes, take place on their surface. This coi\|ecture, conUnues 
he, is confirmed by their change of color, which is analogous to that presented to us oo 
the earth by those bodies which are set on fire, and then gradually extinguished. 

The late eminent Pr. Good also observes that— Worlds, and systems of worlds, are n^t 
only perpetually creating, but also perpetually disapoearing. It is an extraordinary fact, 
that within the period of the last century, not less than thirteen stars. In different con- 
stellations, seem to have totally perished, and ten new ones to have been created. In 
many instances it is unquestionable, that the stars themselves, the supposed habitation 
(if other kinds or orders of intelligent beings, together with the different planets by 
which it is probable they were surrounded, have utterly vanished, and the spots which 
they occupied in the heavens have become blanks I ' What has befallen other systems will 
assuredly befall our own. Of the time and the manner we know nothing, but Uie fact is 
InconU'overtible ; it is foretold by revelation ; it is inscribed in the heavens ; it is feit 
through the earth. Such is the awful and daily text ; what then ought to be the comment? 

The great and good Beza, falling in with the t^upcrstitiun of his age, attempted to prove 
that this was a comet, or the same luminous appearance which conducted the magi, or 
wise men of the East, into Palestine, at the birth of our Saviour, and that it now appeared 
lo announce his second coming. 

Caph ? What other important fact in relation to the position of CaphT What remaric- 
able fact stated? By whom attested? Describe phenomenon? Mrs. SomarvUIe'f 
remark? Other astronomers'? Professor Vince's remarks? The author*!? La 
Place's? Dr. Good's? Besa's? 
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HI8T0BT. 

0&88topeiu wa& the irlfe of Cephetu, King of Ethiopia, and mother of Andiomaoa. 8h( 
wiM a queen of matchless beauty, and seemed to be sensible of it ; for she tren boasted 
herself fairer than Juno, the sister of Jupiter, or the Mereides— a name gireo to the s«a> 
njmiphs. This so provoked the ladies of the sea, that thej complained to Neptune of Um 
insult, who sent a frightful monster to ravage her coast, as a punishment for her inso* 
Jence. But the anger of Neptune and the Jealousy of the nymphs were not thus appeased 
They demanded, and it was finally ordained that Cassiopeia should chain her daughter 
Andromeda, whom she tenderly loved, to a desert rock on the beach, and leave her 
exposed to the fury of this monster. She was thus left, and the monster a preached , 
but iost as he wan going to devour her, Perseus killed him. 
•* The saviour youth the royal pair confess. 
And irith heav'd hands, their daughter's bridegroom bless.** 

Eu9dm'9 Ovid. 

TELESCOPIC OBJECTS. 

1. a CA8SiowM(8h^dir)—A bright star, with a companion in the bosom of the Agore , 
R. A Oh. 81m 298. ; Dec. 66* 89' 06'. A 8, pale rose tint; B 103^, imaU blue. &.<#th 
and llerschell note Shedir as variable. 

2. l3 OASBioPKiB {Caph)—'A bright star on the left side, with a minute compaaion ; 
R. A. Oh. Cm. 42s.; Dec. N. 68* 16' 08*. A 2)«, whitish; B 11)$, dusky. L(»ok direcUy 
opposite MeffriSy in the great dipper, through the pole star, and about as far beyond. 

8. y Oassiopb.«>-A bright star with a distant companion on the right side of the figure ; 
R. A. Oh. 47m. 05s. ; Dec. N. 69* 60' 08'. A 8, brilUant white ; B 18, blue. Mary smaD 
stars in the field. 

4. rj GASSiOFBiB— A BiMART STAR, about 4* from a towards Polaris ; R. A. Oh. 89m. 27s. , 
Dec. N. 66* 67' 09'. A. 4, pale white ; B. 7)^, purple. Esthnated period 700 yeais. 

6. fi CASSioPBiB — A coarse Triple star tn the right elbow ; R. A. Oh. 67m. 28s. ; Dec. N. 
54* OS' 01*. A 6Ht deep yellow ; B 14, pale blue ; C 11, bluish. Several small stars in the 
field. 

6. <T Oassiopkje — A beautiftil .double star in the left elbow; R. A. 28h. 60m. 666. ; Dec. 
M. 54* 61' 08'. A 6, flushed white ; B 8, smalt blue ; the colors clear and distinct. 

7. A coarse quadruplk star, just south of Cepheus' right hand ; or about 27* nouth- 
touth-west of Polaris, on a line drawn over y Cephei. R. A. 28h. 17m. 46s. ; Dec. N. 64* 
24' 08'. A 6, pale yellow; B 9, yellowish ; C 11, and D, 18, both blue. 

8. A LARGE AND STRAGGUNQ CLUSTER, between the footstool of Cassiopeia and the head of 
Cepheus ; R. A. Oh. 18m. 10s. ; Dec. N. 70* 80' 08'. A line from y Cassiopea), % the dis 
tance to y Cephei, will fall upon this object. A coarse double star in the field. 

9. A RICH, BUT SOMXWHAT ^TRAGOLiNO clustkr; R. A. Oh. 24m. 6s.; Dec. N. 68* 88' U9'. 
Vicinity splendidly strewed with stars — a double star in the centre. Look near Uie 
star K- 

10. Aloosb cluster, including a small double star; R. A. Oh. 84m. ISs.; Deo. N. 60* 
54' 07'. A 83$, B 11, both pale. Situated just half way between y and k- 

11. A LOOSE CLUSTER of Small stars ; R. A. Oh. 68m. 198. ; Deo. N. 60* 44'. On a line firom 
y towards e» about li the distance. 

12. A 0LD8TBR and neat double star on a line from a through ^, and about 836* beyond. 
In an elegant field of large and small stars. 

18. A pm OALAZT Cluster of minute stars, about 8* south-west of j9i and about the 
same distance west of a. R. A. 28h. 49m. 07s. : Dec. N. 66* 49' 06*. A glorious assem- 
blage, both in extent and richness. Resembles a crab, having spangled rays of stare, 
spreading over many fields. Map YIII., Fig. 23. 

CEPHEUS.— MAP YL 

47. Cepheus is represented on the map as a king, in his royful 
robe, with a sceptre in his left hand, and a orown of stars upon 

HiSTOEV? — Who was Cassiopeia r Personal appearance ? Sad consequences f Reeouf 7 
ll^ijisoopic OBJECra —Double and multiple stars ? Clusters ? What shown on map ? 
47. How is Cepheus represented? Where situated f 
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his head. He stands in a commanding postnre, with his left 
foot over the pole, and his sceptre extended towards Cassiopeia, 
as if for favor and defence of the qneen. 

**OepheiiiUlamet 
Th« neighboring hearens ; slill faithful to hii qneen. 
With thirtj-flTe faint luminaries mark'd.** 

Tliif oonsteHatlon to about 25* N. W.of Cassiopeia, near the 2d coil of Draco, and to en 
the meridian at 8 o'clock the 8d of November ; but it will linger near it for many days 
Like Cassiopeia, it may be seen at aJ hours of the night, when the sky to clear, for to us it 
nerer sets. 

By reference to the lines on the map, which all meet in the pole, it will be evident thai 
a star, near the pole, moves over a much leaa space in one hour, than one at the equi- 
noctial ; and generally, the nearer the pole, the narrower the space, and the dofcer 
the mcition. 

The stars that are so near the pole may be better described by their polar dietanec, 
than by their dctlinatlon. By polar dtotance to meant, the dUtance from the pole, an J 
IS what the declination wanU of 90*. 

48. In this constellation there are 35 stars visible to the 
naked eye ; of these, there glitters on the left shoulder, a star 
of the 3d magnitude, called Alderamin^ which with two others of 
the same brightness, 8° and 12'' apart, form a slightly curved 
line towards the N. E. The last, whose letUr name is Gamraa, 
is in the right knee, 19** N. of Caph, in Cassiopeia. The middle 
one in the line is Alphirk, in the girdle. This star is one-third 
of the distance from Alderamin to the pole, and nearly in the 
same right line. 

It cannot be too well understood that the bearings, or direction of one star ftrom 
another, as given in this treatise, are strictly applicable only when the latter one is on, 
or near the meridian. The bearings given, in many cases, are not the least approxima- 
tions to what appears to be their relative position ; and in some, if relied upon, will lead 
to errors. For example : — It is said in the preceding paragraph, that Qamma, in Cepheus, 
bears 19* N. of Caph in Cassiopeia. This is true, when Caph is on the meridian, but at 
thto very moment, while the author is writing thto line, Gamma appears to be 19* due 
toeet of Caph ; and six months hence, will appear to be the same dtotance eaet of it. 
The reason is obvious ; the circle which Cepheus appears to describe about the pole, is 
wUhin that of Cassiopeia, and consequently when on the east side of ttie pole, will be 
toUMnj or between Cassiopeia and the pole — that to, weet of Cassiopeia. And for the 
same reason, when Cepheus is on the west side of the pole, it to bettoeen that and Cassio- 
peia, or east of it. 

Let it also be remembered, that in speaking of the pole^ which we shall have fi-equent 
occasion to do, in the course of this work, the Jiorth Polar Star or any imaginary point 
very near it, to always meant ; and nof, as some will vaguely apprehend, a point in the 
KoriMony directly N. of us. The true pole of the heavens is always elevated just as many 
degrees above our horison, as we are north of the Equator. If we live in 42* N. latitude, 
the N. pole will be 42* above our horison. (See North Polar Star.) 

49. There are also two smaller stars about 9° E. of Aldera- 
min and Alphirk, with which they form a square ; Alderamin 
being the upper, and Alphirk the lower one on the W. 8° apart. 
In the centre of this square there is a bright dot, or semi-visible 
star. 

The hmd of Cepheus is in the Milky-Way, and may be known 

4S. Number of stars visible? Principal stars? Situation? 49. Wljit otiier stara 
and sanation ? Situati<Mi of the head^ and how known ? Dtotance of thto A^terinn Craoi 
Ihe pole star? 
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Ht three stars of the 4th magnitude in the crown, which form a 
small acute triangle, about 9° to the right of Alderamin. The 
mean polar distance of the couHtellation is 25'', while that of 
Alderamin is 28° 10'. The right ascension of the former is 
338° ; consequently, it is 22° E. of the equinoctial colure. 

The stodent wiU understand that nght ascention is reckoned on the equinootial, firoot 
the first point of Aries, E., quite round to the same point again, wliich is 860*. Now, 
888* measured from the same point, will reach the same point again, within S3* { which Is 
the diiTerence between 860* and 888*. This rule will apply to an/ other case. 

mSTORT. 

This constellation immortalises the name of the king of Ethiopia. The name of his 
queen was Cassiopeia. They were the parents of Andromeda, who was betrottied to 
Perseus. Cepbeus was one of the Argonauts who accompanied Jason on his perilous 
expedition in quest of the golden fleece. Newton supposes that it was owing to this 
circumstance ihut he was placed in the hearens ; and that not only this, but all the 
ancient constellations, relate to the Argonautic expedition, or to persons some way con- 
nected with it. Thiis, he obsenres, that as Musasus, one of the Argonauts, wa^ ttie first 
Chreek who made a celestial sphere, he would naturally delineate on it thosA figures which 
had some reference to the expedition. Accordfaagly, we have on our globes to this day 
the Chjiden Ra/m^ the ensign of the ship in which Fhryxus fled to Colchis, the scene o ' 
the Argonautic achievements. We haTe also the BtUl with brasen hoofs, tamed by 
Jason ; the Twina^ Castor and Pollux, two sailors, with their mother Leda^ in the forn. 
of aiSiDon, and ArgOy the ship itself; the watchful Dragon^ Hydra, with the (Tup of 
Holea, and a raven upon its carcase, as an emolem of death ; also Chinm^ the Mastei 
3f Jason, with his AUarvaA. Sacrifice; HerotUea^ the Argonaut, with his eM>^ his dart. 
and vulture, with the dragon^ crdbj and Uon which he slew ; and OrphmM^ one of the 
company, with his harp. All these, says Newton, refer to the Argonauts. 

Again ; we have Ortony the son of Neptune, or, as some say, the grandson of Minos, 
with his dogsy and har«^ and ricer^ and acar^fion. We have the story of Perseus in the 
constellation of that name, as well as in Cassiopeia, Oephens, Andromeda, and Oetus : 
that of Calisto and her son Areas, in Ursa Mc^or ; that of Icarius, and his daughter 
Erigone, in Booie$ and Virgo. Urea Minor relates to one of the nurses of Jupiter 
Atirigay to Erichtonins ; OphducA^ui^ to Phorbas ; Sagittarius^ to Crolus, the son of on« 
of the Muses ; Oapricamj to Pan, and Aquariua to Ganymede. We haiw also Ariadne'* 
erown^ Bellerophon's horse, Neptune*s aolphiny Ganymede's ea^le^ Jupiter's goat^ with 
herMets, the asses of Ba^iekuSy the Jtshes of Venus and Cupid, with their parent, the 
iouthem^fiah. These, according to Deltoton, comprise the Grecian constellations men- 
tioned by the poet Aratus ; and all relate, as Newton supposes, remotely or Immediately 
to the Argonauts. 

It may be remarked, however, that white none of these figures refer to any transactions 
of a later date than the Argonautic expedition, yet the great disagreement which appears 
in the mythological account of them, proves that their invention must have been o 
greater antiquity than that event, and that these constellations were received for soms 
time among the Greeks, before their poets referred to them in describing the particulai % 
of that memorable expedition. 

TELESCOPIC OBJECTS. 

1. a Cnwa (AkUraminy' A mm stab, with a distant companion on the left shouldor 
of Cepheus ; R. A., 21h. 15m. ; Dec, 61* 54'. It is about half way between Polaris and 
Deneb, and 8* south-west from Cephel. A 8, white ; B 10, p«ile blue, with a eompanicu 
of the same magnitude and color. 

8. ^ Cbpdxi (Alphirky—A dovblb iitab on the left side of the girdle of Cepheus, two- 
thirds of the distance from Polaris to Alderamin. A 8, white ; B 8, bine, with a very 
minute double star preceding. 

8. y Cbphb (Er Rai^k ooublb stab in the knee of Cepheus, with a distant teles co^ ^ 
companion on the preceding parallel. A 8, yellow; B 14, dusky. R. A., 28h. 88m. 47b.,- 
Dec., N. 76* 44' 7'. This star will be the Pole star in about 2860 years. 



Hhtobt.— Who was Cepbeus f Why placed in the heavens * What said of the Origni 
A other constellations ? 
Tbuboopio Objxcts. — Alpha? Beta, Ac? What clusters f 
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4. 6 Cbphii ( Var) In the crown of Ophens, a fine, though wide doubliitak; R. A. 2^ 
tSiii. 148. ; Dec., N. 67* 85' 9'. A AH^ orange tint; B 7, fine blue— the colors in fine con* 
trast. This star is vaHabUy with a period of 5d. 8b. 80ni. 

5. A LAROi AND RICH CLCSTKR on the left elbow ; R. A., 20h. 28m. 17s. ; Dec, N. 60* 09 
2\ It is 12* due north of a Cygni ; and 8* west-south-west of ij Cephei. ** A grand bat 
distant collocation of suns bound together by mutual relations.** 

\ Ah iRRiGULAR CLUSTRR between the head of Cepheus and the chain of Andromeda; 
R. A., 28h. 17m. lOs.; Dec, N. 60* 48' 1'. It is about one-third of the distance firoo 
3 CassiopesB to a Cephei ; and may be seen on Map YI., near the sceptre of Cephcos 
For a telescopic Tiew, see Map Vill., Fig. 24. 



CHAPTER II. 

CONSTELLATIONS ON THE MERIDIAN li DECEMBER. 

ARIES (the eam).— map II. . 

50. Twenty-two centuries ago, as Hipparchus informs 113, 
this constellation occupied the first sign in the ecliptic, com- 
mencing at the venial equinox. But as the constellations gain 
about 50" on the equinox, at every revolution of the heavens,* 
they have advanced in the ecliptic nearly 31° beyond it, or more 
than a whole sign : so that the Fishes now occupy the same 
place in the Zodiac, that Aries did in the time of Hipparchus ; 
while the constellation Aries is now in the sign Taurus, Taurus 
in Gemini, and Gemini in Cancer, and so on. 

Aribs Is therefore now the second constellation in the Zodiao. It is situated next eas^ 
of Pisces, and is midwaj between the Triangles and the Fly on the N. and the head of 
Oetus on the S. It contains 66 stars, 9f which, one is of the 2d, one of the 8d, and two of 
Um 4tb magnitudes. 

** First, f^om the east, the Ram conducts the year ; 
Whom Ptolemy with ttoioe nine stars adorns, 
Of which two only claim the second rank ; 
The rest, when Cynthia fills the sign, are lost.*' 

Aries is readily distinguished by means of two bright stars in the head, about 4* apart, 
the brightest being the most north-easterly of the two. The first, which is of the 8d 
magnitude, situated in the right horn, is called Alpha Arietis, or simply ^H^^; the 
other, which is of the 8d magnitude, lying near the left horn, is called Sheratan, and may 
htf known by another star of the 4th magnitude, in the ear, IH* S. of it, called Mesarthim, 
which is thejlrst star in this constellation. 

Arietis and Sheratan, are one instance out of many, where stars of more than ordinary 
liritihtness are seen together inpiUrs^ as in the Twins, the Little Dog, Ac, the brlghtetit 
Itar being commonly on the east. 

• See "Precession of the Equinoxes," page 270. 

<^^0. Constellations in this chapter? Aries 22 centuries ago f Now; and why IP liow 
(tifiOn^'iisliod ? Arietis and Sheratan T 
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61. The position of Arietis affords important facilitieB to 
nautical science. Difficult to comprehend as it may be, to the 
unlearned, the skilful navigator who should be lost upon an 
unknown sea, or in the midst of the PaciBc ocean, could, by 
measuring the distance between Arietis and the Moon, which 
often passes near it, determine at once not only the spot he was 
in, but his true course and distance to any known meridian or 
harbor on the earth. See Part II., page 206. 

Arietis comes to the meridian about 12 minutes after Shera- 
lan, on the 5th December, near where the sun does in midsum- 
mer. Arietis, also, is nearly on the same meridian with Almaack, 
in the foot of Andromeda, 19° N. of it, and culminates only 
four minutes after it. The other stars in this constellation are 
quite small, constituting that loose cluster which we see between 
the Fly on the north, and the head of Cetus on the south. 

When Arietis is on the meridian, Andromeda and Cassiopeia 
are a little past the meridian, nearly overhead, and Perseus with 
the head of Medusa, is as far to the east of it. Taurus and 
Auriga are two or three hours lower down ; Orion appears in 
the S. E., and the Whale on the meridian, just below Aries, 
while Pegasus and the Swan are seen half-way over in the west. 

, The manner in which the ancients divided the Zodiac into 19 equal parts, was both 
liraple and ingenious. Having no instrument that would measure time exactly, ** they 
toolc a vessel, with a small hole in the bottom, and having filled it with water, suffered th«i 
same to distill, drop by drop, into another vessel set beneath to receive it, beginning at 
the moment when some ?tar rose, and continuing till it rose the next following night, when 
it would have performed one complete revolution in the heavens. The water falling down 
Into the receiver they divided into twelve equal parts ; and having twelve other small 
vessels in readiness, each of them capable of containing one part, Uiey again poured all 
the water into the upper vessel, and observing the rising of some star in the Zodiac, at 
the same time suffered the water to drop into one of the small vessels. And as soon as it 
was full, they removed it, and set an empty one in its place. Just as each vessel was full, 
they took notice what star of the Zodiac rose at that time, and thus continued the procesi 
through the year, until the 12 vessels were filled." 

Thus the Zodiac was divided into 12 equal portions, correspond/'" f to the 18 months of 
the year, commencing at the vernal equinox. Each of these \ )rtions served as th« 
visible representatfve or »iffn of the month it appeared in. 

All those stars in the Zodiac which were observed to rise while the first vessel was fill- 
ing, were constellated and included in the first sign, and called Ariet^ 9ja animal held in 
great esteem by the shepherds of Chaldea. All those stars in the Zodiac which rose while 
the second vessel was filling, were constellated and included in the second sign, whick, 
for a similar reason, was denominated Taurus; and all those stars which were observed 
to rise while the third vessel was filling, were constellated in the third si^jn, and called 
Ckmlni, in allusion to the twin season of the flocks. 

Thus each sign of 80* in the Zodiac, received a distinctive appellation, according to the 
fancy or superstition of the inventors ; which names have ever since been retained, 
although the constellations themselves have since left their nominal signs more than 80* 
oehiiid. I'he sign Aries, therefore, included all the stars embraced in the first 80* of the 
Zodiac, and no more. The sign Taiuois, in like manner, included all those stars embraced 

fll Position of Arietis T Importance to mariners ? When come to meridian ? Wliere 
Andr^^eda and Cassiopeia then ? Perseus ? X^urus, Auriga, Orion, Pegasus and Swan f 
What t, other stars in Aries ? Ancient method of dividing the Zodiag t Nfunoo i4 
«!gnpy 
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IB ISm next 8u* of the Zodiac, or those between 80* and 60*, and to of the rest. Of 1 
who iiuag.ne that the twelve conAtellatiuaa of the Zodiac refer to the twolTe UrilMW«f 
Israel, Mmc ascribe Aries to the tribe of SUneon, and others, to Oad. 

HISTOBY. 

Acca; Jing to fable, this is the ram which bore the golden fleece, and earrled Fhrjm 
and his sister Uelle through the air, when they fled to Colchis from the persecution of their 
stepmother Ino. The rapid motion of the ram in his aerial flight high above the earth, 
caused the head of Uelle to turn with giddiness, and she fell from his back into that pari 
of the sea which was afterwards called tieUeipont^ in commemoration of the dreadful 
event. Phryxus arrived safe at Colchis, but was soon murdered by his own father-in-law 
£tes, who envied him his golden treasure. This gave rise to the celebrated Argonautii 
expeditioc under the command of Jason, for the recovery of the golden fleece. 

Nephele, Queen of Thebes, having provided her children, Phryxus and Helle, with this 
noble animal, upon which they might elude the wicked designs of those who soufrht their 
life, was afterwards changed into a cloud, as a reward for her parental soUritude ; and 
the Greeks ever after called the clouds by her name. But the most probable account of 
the origin of this constellation is given in a preceding paragraph, where it Is referred to 
the flocks of the Chaldean shepherds. 

During the campaigns of the French army in Egypt, General Dessaix discoTered among 
t\^ ruins at Dendera, near the banks of the Nile, the great templo supposed by some to 
have been dedicaled to Isis, the female deity of the E^rptians, Wto believed that the ris- 
ing of the Nile was occasioned by the tears which she continuaCy shed for the loss of her 
brother Osiris, who was murdered by Typhon. Others suppose this edifice was erected 
for astronomical purposes, firom the circumstance that tuo Zodiacs were discover'Hl, 
drawn upon the ceiling, on opposite sides. On both Urooe Zodiacs the equinoctial points 
are in Leo, and not in Aries ; from which it has been concluded, by those who pertiua- 
ciously endeavor to array the arguments of science against the chronology of the Bible 
and the validity of the Mosaic account, that these Zodiacs were constructed when the sun 
entered the sign Leo, which must have been 9720 years ago, or 4000 years befnre tbo 
Inspired account of the creation. The infidel writers in France and Germany make it 
10,000 years before. But we may " set to our seal," that whatever is true in fact and cor- 
rect in inference on this subject will be found, in the end, not only consistent with the 
Mosaic record, but with the common meaning of the expressions it uses. 

The discovery of Champollion has put this question for ever at rest; and M. Latronne, 
a most learned antiquary, has very satisfactorily demonstrated that these E^^yptian 
Zodiacs are merely the horoscopes of distinguished personages, or the precise situation 
of the heavenly bodies in the Zodiac at their nativity. The idea that such was their pur- 
pose and origin, first suggested itself to this gentleman on finding, in the box of a mummy, 
a similar Zodiac, with such inscriptions and characters as determined it to be the horo- 
scope of the deceased person. 

Of all the discoveries of the antiquary among the relics of ancient Greece, the ruins o. 
Palmyra, the gigantic pyramids of Egypt, the temples of their gods, or the sepulchres of 
^heir kings, scarcely one so aroused and riveted the curiosity of the learned, as did the 
ai SCO very of Champollion the younger, which deciphers the ?deroglyphioa of ancient 

igypt. 

The potency of this invaluable dlscorery has already t>een signally manifested in set- 
ting a formidable cont ^versy between the champions of infidelity and those who main- 
Ain the Bible account f the creation. It has been shown that the constellation Pittcee^ 
since the days of Hipparchus, has come, by reason of the annual precession, to occupy 
the same apparent place in the heavens Uiat Aries did two thousand years ago. The 
Christian astronomer and the infidel are perfectly agreed as to the fact^ and the amowU 
of this yearty gain in the apparent motion of the stars. They both t>elieye, and both can 
demonstrate, that the fixed stars have gone forward in the Zodiac about SO' of a degree 
Ui every revolution of the heavens since the creation ; so that were the world to light 
npon any authentic inscription or record of past ages, which should give the true posi- 
tion or longitude of any particular star at that time, it would be easy to fix an unques- 
tionable date to such a record. Accordingly, when the famous *^ Egyptian Zodiacs,*' 
which were sculptured on the walls of the temple at Dendera, were brought away «» 
tta«M, and exhibited in the Louvre at Paris, they enkindled a more exciting interest in 
the thousands who saw them, than ever did the entrance of Napoleon. *' Educated men 
uf every order, and those who had the ranity tc. think themselves such,** says the com- 
mentator of Champollion, ** rushed to behold the Zodiacs. These Zodiacs were imme* 
fiately published and commented upon, with more or less good faitn and decorum. 

HuTOET.^Discovery in Egypt? Use made of the Zodiacs? What did they proro It 
te f How ascertained T Who most zoalous in opposing revelation f Meant « * - - 
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Sdence strack out hito ajntcmn very bold ; and the spirit of InfideHtf, te Unf upt^n tk« 
discoTcry, flattered itself witli the hope of drawing ^m thonce new s*4*port. It w^ 
t.r^Ubtifiably talcen for grante<i, that the ruins of Egypt furnithe.l astron'Moy with menu- 
luents, containing observations that exhibited the state of the heavens In the most 
remote periods. Starting with tiiis assumption, a pretence was made of derooostrating 
by means of calculations received as infallible, that the celestial Hppearances assigned 
to these monuments extended back from forty-fire to sixty-flire centuries; that th^ 
Zodiacal system to which they must belong, dated back fifteen thousand years, and must 
reach fkr beyond the limiU assigned by Moses to the existence of the world.** Among 
those who stood forth more or less bold as the adversaries of Revelation, the most pro- 
minent was M. Dupuis, the famous author of Vorigine de taut U* OuiU». 

The infidelity of Dupuis was spread about by means of pamphlete, and VtxA advocatet 
of the Mosaic account were scandalised *' until a new Alexander arose to cut the Qordiao 
cnot, which men bad v*inly sought to untie. This was Champollion the yo koger, armed 
with his discor sry.** The hieroglyphics now speak a language that all car nnderstacd, 
and no one gainsay. ** The Egyptian Zodiacs, then,** says Latronne, ** relate In no respect 
to astronomy, but to the idle phantasies of judicial astrology, as connected #itlt 'lie 4«a- 
tinies of the emperors who made or com|rfeted them.** 

TELESOOPIO OBJECTS. 

1. a Abiktw— A DOUBUi 8TAK In the Ram*s forehead; R. A. Ih. 58m. 10a, Deo. K. tt* 
At 02*. A d, yeUow ; B 11, purple. 

Two thousand years ago the first meridian or Vernal Iqoinos passed through tb* 
star : but the recession of the equinox at the slow rate of OO" per year, has, in that lengtl 
of time, carried the equinoctial nearly 60* to the west, where we now find it. B^s thL 
■ubject explained in the second part of the book. 

2. P AaiBTB {8h^ratany—k ■kiobt stas with a distant companion In the coll o' the 
right horn ; R. A. Ih. 46m. 49s. ; Dec. N. 90" 01' 04*. A 8, pearly white ; B 11, dusky. 

8. y Abistis IMeMrihimy-^ doublb staii Just south of ^; R. A. Ih. 44ro. 45s. ; Dec. 11. 
18* 80' 05*. A 4H, bright white ; B 5, pale grey. A fine ot^ect. Map YIII., Fig. 8. 

4. t ARirm^A vsbt closi doublb stab near the root of the tail, and between it and 
Musca; R. A. 2h. 60m. 04s.; Dec. N. 20* 41' 08*. A 6, pale yeUow; B 6H, whitish. U 
requires a good telescope to separate them. 

5. tf Abibtis— A neat tbiplb stab in the haunch, about one-third of the distance flrom 
/9 Arietis to Aldebaran; R. A. 2h. 40ra. 22s.; Dec. N. 16* 47' 06'. A 6, pale yeUow; F 
6)«, flushed ; C 11, dusky. A beautiful trio. 

6i A QUADBUPLB STAB half Way between a and y under the right horn ; R. A. Ih. 50ra, 
48s.; Dec. N. 20* 16' 07*. A 6, topas yellow; B 16, deep blue; 10, lilac; D, pale blue 
An exquisite object. 

7. A Bomm hcbula near y Arietis, and Just east of It ; R. A. Ih. 50m. 84s. ; Dee. N 
\8* 18' 06*. It is large and pale, and lies among some small st«rs« some of which fbrm i 
curve across \he south part of the field. 



TRIANGULJS (tiib triangles),— MAP 11. 

52. The Triangles are situated between the head of Aries oo 
the north, and the feet of Andromeda on the south. R. A. 
2h. ; Dec. N. 30°. They contain two stars of the 4th magni- 
tnde, and two of the 5th ; with several smaller. A line from 
Bheratan in Aries, to Almaack, will pass through the Iwida 
Trianguli, about midway between them. 

Tbaoopio OBJBcra? What a Arietis f Other double stars f Triple? Quadruple f 
Any clusters f Nebulae ? 
02. Situation of the Triangles f Number and size of stars f How find tbeir lonlda f 
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HISTORr. 

The upper or Northern Triangle it one of the ancient 43 asterisms; and Hervclius took 
three other stars between it and the head of Aries, to form TWon^nUum minuM, Th9 
latter figure, however, is discontinued, though shown on the map. 

• TELESCOPIC OBJECTS. 

1 a TRiAMomj — A bright fourth maomitudb star, with a Telescopic companion : R. A. 
Ih. 48m. 58s. ; Dec. N. 28* 47' 08'. A b ^, yellow ; B 11, lilac. 

2. € TrUnocu— A M06T DKLiCATB DOUBLB STAR; R. A. Ih. 58m. SSs. : Dec. N. 83* 86 05*. 
A 53$, bright yeUow ; B 15^ dusky. 

8. A large and distin ;t but faint palb wiirra nebula, between the Triangles and tlM 
head of the Northern Fish ; R. A. Ih. 24m. 51s. ; Dec. N. 29* 51' 08'. A bright star a 
little north-west, and five others more remote in the east. 



MUSOA (THE FLY).— MAP II. 

53. This very small constellation lies directly, between tho 
back of Aries on the sonth, and the head of Medusa on the 
north. It has one star of the 2d, two of the 4th, and two of 
the 6th magnitudes. An unimportant asterism, and not always 
mentioned in the catalogues, though shown on the map. 

TELESCOPIC OBJECTS. 

1. A FiNB DOUBLB STAR OYcr the back of Aries, nearly midway between the Pleiades ana 
ft Andromedss ; R. A. 2h. 81m. 20s. ; Dec. N. 26* 22' 02'. A 6, pale topaz ; B 9, Ught blM. 
An easy object. 

2. a Muscji— a coarsb quadruple star, in the body of the figure, and forming ita 
jucida ; R. A. 2h. 40m. 84s. ; Dec. N. 26' 86' 09'. A 8, white ; B 18, deep blue ; 11, lurid , 
D 9, pale grey. Both these olisjects are usually classed as belonging to Aries. 

OETUS (THE WHALE).— MAP II. 

64. As the whale is the chief monster of the deep, and the 
largest of the aquatic race, so is it the largest constellation in 
the heavens. It occupies a space of 60° in length, E. and W., 
with a mean breadth of 20° from N. to S. It is situated below 
Aries and the Triangles, with a mean declination of 1 2° S. It 
IS represented as making its way to the E., with its body below, 
ind its head elevated above the equinoctial ; and is six weeks in 
jassing the meridian. Its tail comes to the meridian on the 10th 
>f November, and its head leaves it on the 22d of December. 

65. This constellation contains 97 stars ; two of the 2d mag- 
nitude, ten of the 3d, and nine of the 4th. The head of Cetua 

History. — Which ancient ? Who formed the other ? Now recognised, or not f 

Telbscopio Objects T Double stars ? Nebulae ? 

08. Situation of Musca? Stars? Relative importance? Is it always recognised at a 
ronstellation ? 64. Cetus? Comparative size? Situation? How represented? 
tt>. Numbei of stars * Magnitudes ? IIo^ >na7 the heai of Ce.tus be known t Briehteit 
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ina/ be rftadily distinguished, abcr.t 20'' S. E.of Aries, bjmeanf 
of five retnarkable stars, 4° and 5^ apart, and so situated as to 
form a regular pentagon. The brightest of these is Menkar, of 
the 2d magnitude, in the nose of the Whale. It occupies the 
S. E. angle of the figure. It is 3J° N. of the equinoctial, and 
15° E. of El Rischa in the bight of the cord between the Two 
Pishes. It is directly 37° S. of Algol, and nearly in the same 
direction from the Fly. It makes an equilateral triangle with 
Arietis and the Pleiades, being distant from each about 23° S., 
and may otherwise be known by a star of the 3d magnitude in 
the mouth, 3° W. of it, called Gamma, placed in the south mid- 
dle angle of the pentagon. 

56. Nu is a star of the 4th magnitude, 4° N. W. of Gimma, 
and these two constitute the S. W. side of the pentagon 'n the 
bead of the Whale, and the N. E. side of a similar oblong ^guro 
in the neck. 

Three degrees S. S. W. of Gamma, is another star of the 3d 
magnitu'^e in the lower jaw, marked Delta, constituting the E. 
side of the oblong pentagon ; and 6° S. W. of this, is a noted 
star in the neck of the Whale, called Mira, or the " wonderful 
star of 1596," which forms the S. E. side. This variable star 
was first noticed as such by Fabricius, on the 13th of August, 
1596. It changes from a star of the 2d magnitude so aa to 
become invisible once in 234 days, or about 7 times in 6 years. 
Herschel makes its period 331 days, 10 hours, and 19 minutes ; 
while Hevelius assures us that it once disappeared for 4 years • 
so that its true period, perhaps, has not been satisfactorily deter- 
mined. 

The whole ntunber of stara ascertained to be variable amounts to only 15; while tho^' 
which are suspected to be yariable, amount to 87. 

57. Mira is 7° S. S. E. of El Rischa, in the bend or knot o« 
the ribbon which connects the Two Fishes. Ten degrees S. of 
Mira, are 4 small stars, in the breast and paws, about 3° apart 
which form a square, the brightest being on the E. Ten degree? 
S. W. of Mira is a star of the 3d magnitude, in the heart 
called Baten Kaitos, which makes a scalene triangle with two 
other stars of the same magnitude 7° and 10° W. of it ; also, 
4u equilateral triangle with Mira and the easternmost one in 
the square. 

itarf Position f Name? 66. Sise and Position of Nu ? Delta? MiraT Position? 
^eculiaritj? When, and by whom first noticed? Period and extent of yariabilityi 
IVbole number of rariable stars? 57. Baten KaUoat Position with regard to Mir** 
Vt Ather totars ? 
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1 fTett nomber of feometi'ical flfures may b« fonned from the start In tiila, and te 
BMMt of the other consteUalion*, merely by reference to the maps ; but it is better that 
the student should exercise his own ingenuity in this way with reference to the start 
themselTes, for when once he has constructed a group into any letter or figure of his own 
mrention, he never will forget it. 

The teacher should thcrerore require his class to commit to writing the result of their 
•wn observations upon the relative position, magnitude and figures of the principal siara 
in each constellation. One evenings exercise in this way will disclose to the student a 
surprising multitude of erottea^ martt^ iriangUa^ area and Uttera^ by which he will be 
better able to identify and remember them, than by any instructions that could be given. 

For example : Mira and Baten in the Whale, about 10* apart, make up the 8. E. oi 
shorter side of an irregular square, with Kl Rischa in the node of the ribbon, and another 
tUr in the Whale as far to the right of Baten, as El Rischa is above Mira. Again, 

There are three stars of equal magnitude, forming a straight line W. of Baten ; flrom 
which, to the middle star is 10% thence to the W. one 12)$ ; and 8* or 9* 8. of this line, 
in a triangular direction, is a br^ht star of the second magnitude in the coil of the tail, 
eaUed Diphda. 

In a southerly direction, 85* below Diphda, is Alpha in the head of the Phenix, and 
about the same distance S. W. is Fomalhant, in the mouth of the Southern Fish, forming 
together a large triangle, with Diphda in the vertex or top of it. 

That fine cliister of small stars 8. of the little square in the Whale, constitutes a part 
of a new coiisteilation called the Ohffmiodl Fumaoe. The two stars N. E., and the 
three to the southward of the little square, are in the river EridamMa,- 

HISTORY. 

This constellation is of very early antiquity : though most writers consider it the 
(kmous sea-monster sent by Neptune to devour Andromeda because her m'-'her Cassio- 
peia had boasted herself fairer than Juno or the Sea Nymphs ; but slain ../ Perseus ana 
placed among the stars in honor of his achievement 

** The winged hero now descends, now soars. 
And at Ills pleasure the vast monster gores. 
Deep in his back, swift stooping from above, 
His crooked sabre to the hilt he drove.** 
It is quite certain, however, that this constellation had a place in the heavens long 
prior to the time of Perseus. When the equinoctial sun in Aries, which is right over Uie 
head of Cetus, opened the year, it was denominated the Praaarftar^ or DaUoarar^ by the 
idolaters of the East. On this account, according to Pausanius, the sun was worshipped. 
at Eleusis, under the name of the Praaanoar or Saviour. 

** With gills pulmonic breathes the enormous whale. 
And spouts aquatic columns to the gale ; 
Sports on the shining wave at noontide hours, 
And shifting rainbows crest the rising showers.**— 2>arf«<f». 

TELESCOPIC OBJECTS. 

1. j9 Cm— A souBLB STAB ; R. A. Ob. 85m. 84s. ; Dec. S. 18* 51' 9*. A 8^, yeUow ; B 18^ 
pale blue. 

8. y Gri— A orxMs ooubu stax in the Whale's mouth ; R. A. 8h. 85m. 01s. ; Dec. N. 
V 88' 5*. A 8, pale yellow ; B 7, lucid blue ; the colors finely contrasted. 

8. V A DOUBUi 8TAB in the Whale's eye ; y R. A. 8h. 27m. 89s. ; Dec. N. 4* 58' 5'. A 43f , 
pale yellow ; B 15, blue. 

4. A LOHO MARROW MKBv: 1, of a pale, milky tint ; R. A. Oh. 89m. 45s. ; Dec. S. 8^ 
10' 1*. It is situated in the space south of the tail of Cetus, neai a line drawn from 
a Andromeda to fi Ceti. Discovered by Miss Hersohel, in 1788. 

6. A PLAMKTABT XKBULA; R. A. 8h. 19m. SSs.; Dec. S. 1® 51' 8'; in the middle of tfat 
Whale's neck. 

6. A BRiOHT RouifD MKBCLA ; R. A. Ih. 88m. 808. ; Dec. S. 7*> 41' 8'. Registered by St 
W. Herschel, 1785. It is Just above the Whale's back. 

HiOTORT.— Antiquity? Its original name? When, and why? What worship ia m» 
IMuence ? 
tsLitiOOPio Objxcts.— BeU? Gamma f NuT NebuUeT 
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f. A B0ux» ■TBLLAm MBBVLA, Deu* 6 fii the Whale*s lower Jaw, and aboat SX* tfm > 
m a line towards € , or •oath by west. A rery dUtant ol^ect, classed by Sr W. Her«cbjl« 
u 910 times as distant as stars of tbr first magnitude. 



PERSEUS, ET CAPUT MEDUSAE.— MAP III. AND IV. 

58. Perseus is represented with a sword in his right hand, 
the head of Medusa in his left, and wings at his feet. It if 
situated directly N. of the Pleiades and the Flj, between 
Andromeda on the W. and Auriga on the E. Its mean decli- 
nation is 46"^ N. It is on the meridian the 24th of December. 
It contains, including the head of Medusa, 59 stars, two of 
which are of the 2d magnitude, and four of the 3d. According 
to Eudosia, it contains, including the head of Medusa, 67 stars. 



* Perseos next. 



Brandishes high in hearen his sword of flame, 
And holds triumphant the dire Gorgon's head, 
Flashing with flery snakes ! the stars he counts 
Are 9iody-teven ; and two of these he boasts. 
Nobly refulgent in the second rank — 
One in his Test, one in Medusa's head.** 

d9. The Head of Medusa is not a separiate constellation, 
out forms a part of Perseus. It is represented as the trunkless 
head of a frightful Gorgon, crowned with coiling snakes, instead 
of hair, which the victor Perseus holds in his hand. There are, 
in all, about a dozen stars in the head of Medusa ; three of the 
4th magnitude, and one, Tarying alternately from the 2d to the 
4th magnitude. This remarkable star is called Algol. It is 
situated 12° E. of Almaack, in the foot of Andromeda, and may 
be known by means of three stars of the 4th magnitude, lying a 
few degrees S. W. of it, and forming a small triangie. It is on 
the meridian the 21st of December ; but as it continues above 
the horizon 18 hours out of 24, it may be seen every evening 
from September to May. It varies from the 2d to the 4th 
Bttagnitude in about 3^ hours, and back again in the same time ; 
after which it remains steadily brilliant for 2f days, when the 
isame changes recur. 

The periodical variation of Algol was determined In 1788, by John Goodricke, of York 
(Ing.), to be 2 days, 20 hours, 4S minutes, and 56 seconds. Dr. Herscbel attributes the 
r&riable appearance of Algol to spots upon its surface, and thinks it has a motion on Its 
axis similar to that of the sim. He also observes, of variable stars generally: — ^'*The 
^tary motion of the stars upon their axis is a capital feature in their resemblance t« 
the sun. It appears to me now, that we cannot refuse to admit such a motion, and that 
bdeed it may be as evidently proved as the diurnal motion of the earth. Dark spots, 



88. Perseus? How represented ? When on the meridian? " Number of st<ir»? gisef 
61. Head of Medusa? How represented? Number of* stars? What remarkable cm? 
Situation? Variableness and period? When and by whom determined? Suppave^ 
«&«se of variability ? Lalando f 
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or larire portions of the sarface less luminous than the rest, tamed altematelj In eertiUi 
directions eithei toward, or ftotu us, will account for all the phenomena of periodieaJ 
changes In the lustre of the stars, so satisfaotoril/t that wo certainly need not look oat 
for any other cause." 

It is said that the famous ast*-onomer Liilande, who died at Paris in 1807, was wont t« 
remain whole nights, in his old age, upon the Pont Ifet^f^ to exhibit to the curious the 
variations in the brilliancy of the sUr Algol. 

GO. Nine degrees E. by N. from Algol, is the bright star Alge- 
nib, of the 2d magnitude, in the side of Perseus, which with Al- 
maack, makes a perfect right angle at Algol, with the open part 
towards Cassiopeia. By means of this strikingly perfect figure, 
the three stars last mentioned may always be recognized without 
the possibility of mistaking them. Algenib may otherwise bo 
readily distinguished by its being the brightest and middle one 
of a number of stars lying four and five degrees apart, in a large 
semicircular form, curving towards Ursa Major. 

Algenib comes to the meridian on the Slst December, 15 minutes after Algol, at which 
tifiae the latter is almost directly overhead. When these two stars are on tjie meridian, 
that beautiful cluster, the Pleiades, is about half an hour E. of it ; and in short, the * 
most brilliant portion of the starry heavens is then visible in the eastern hemisphere. 
The glories of the scene are unspeakably magnificent ; and the student who fixes his 
eye upon those lofty mansions of being, cannot fail to covet a knowledge of their order 
and relations, and to '* reverence Uim who made the Seven Stars and Orion.*' 

61. The Milky Way around Perseus is very vivid, being undoubt- 
edly a rich stratum of fixed stars, presenting the most wondei 
ful and sublime phenomenon of the Creator^s power and great- 
ness. Kohler, the astronomer, observed a beautiful nebula near 
the face of Perseus, besides eight other nebulous clusters in dit- 
ferent parts of the constellation. 

The head and sword of Perseus are exhibited on the circompolar map. That very 
bright star 28* B. of Algol, is Capella in the Charioteer. 

HISTORY 

Perseus was the son of Jupiter and Danae. He was no sooner born than he was cast 
iDto the 8ea> with his mother ; but being driven on the coasts of one of the islands of the 
Cyclades, they were rescued by a fisherman, and carried to Polydectes, the king of the 
place, who treated them with great humanity, and intrusted them to the care of tii<i 
priests of Minerva's temple. His rising genius and manly courage soon made him a 
favorite of the gods. At a great feast of Polydectes, all the nobles were expected to 
present the king with a superb and beautiful horse ; but Perseus, who owed his benefac- 
tor much, not wishing to be thought less munificent than the rest, engaged to bring hira 
the head of Medusa, the only one of the three Gorgons, who was subject to mortality. 
The names of the other two were Stheno and Euryule. They were represented with ser- 
pents wreathing round their heads instead of hair, having yellow wings and braeen 
hands ; their bodies which grew indissolubly together, were covered with impenetrablo 
scales, and their very looks had the power of ttn-ning into stones all ^ose on whom 
they fixed their eyes. 

To equip Perseus for this perilous enterprise, Pluto, the god of the infernal regions, 
lent him his helmet, which had the power of rendering the wearer invisible. Minerva, 
the goddess of wisdom, furnished him with her buckler, which was as resplendent as a 
liollshed mirror ; and he received from Mercury wings Isjc his feet, and a dagger made 

60. Algenib? How known? When on the meridian? Where, then, are the Plaiadea? 
ilHiat the general aspect of the l^eavcns? 61. Milky Way around Perseoi? Obaerva* 
•ion of Kohler? 

UiSTORT.— Who was Perseus ? What fate at birth, Ac T 
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of diamonds. Thus equipped, he moanted into the air, conducted by Mlmrra, and eam* 
upon the monsters who, with the watchful snakes about their Iieadt, were all aaleejt. H« 
approached them, and with a courage which amased and delighted Minerra, cut off with 
one blow Medusa's head. The noise avoke the two immortal sisters, but Pluto's helmet 
rendered Perseus ioTiaible, and the rengefol pursuit of the Oorgoos proved fruitiesa. 
** In the mirror of his polished shield 
Reflected, saw Medusa slumbers take. 
And not one serpent by good chance awake ; 
Then backward an unerring blow he sped, 
And from her body lopped at once her head.** 

r^rseua ihen made his way through the air, with Medusa's head yet reekinf in hit 
hand, and from the blood whiQh dropped f^om it as he flew, sprang all those innnm*rabU 
««rpeQt9 that have ever since infested the sandy deserts of Libya. 
** The Tictor Perseus, with the Oorgon head, 
O'er Libyan sands his airy Journey sped. 
The gory drops distilled, as swift he flew. 
And from each drop envenomed serpents grew." 
The destruction of Medusa rendered the name of Perseus immortal, and he wa« 
changed into a coustellation at his death, and placed among the stars, with the head of 
Medusa by his side. 

TELESCOPIC OBJECTS. 

.1. a PsRSBi — ^A PINE nouBLB STAB ; R. A. 8h. 12m. 55s. ; Dec. N. 49* 17' 8*. A 23<, bri). 
dant lilac ; B 9, cinereous. This is Algenib^ in the hero's lejft side. 

2. j3 Pbrski, or Algol; R. A. 2h. 57ra. 468. ; Dec. N. 41* 20'. A variable DotiBLi sta«. 
A 2 to 4, whitish ; B 11, purple. The former varies in brightness periodically, from the 
2d to the 4th magnitude, and back again to the 2d magnitude, period being 2d. 20fa. 4Sm. 
66«. ; an object of great interesU 

8. y Pbsiski— A wins unequal doublb stab in the hero's left shoulder ; R. A. 3h. 68m. 
14s. ; Dec, N. 52* 62' 4". A 4, flushed white ; B 14, clear blue. 

4. 6 Perssi— A BBiGHT STAB with B Companion in the hero's hip; R. A., 8h. 81m. 88«.; 
Dec, N. 47- 16' 2'. About 8* south-west of a Persei. A 8X, white ; B 11, pale blue. 

5. t Pkbsri— A NBAT DOUBLB BTAB fai the right kucc ; R. A. 8h. 47m. OSs. ; Dec. N. 89* 
32- 4'. A 8}^, pale white ; B 9, lUac ; a fine delicate object. 

6. ^ Pebsbi— A DBUCATB QUADBUPLB STAB ; R. A. 8h. 44m. 06s. ; Dec. N. 81" 24 2' 
A 8Ji, flushed white ; B 10, smalt blue; C 12, ash-c^.lorcd ; D 11, blue. It is situated in 
the right foot, and is designated by Smyth as " an elegant group." 

-k^kkI ^*='*sia— a finb double stab In the head of the figure; R. A. 2h. 89m. 04a.; Dec. 
«. oo* 18' 5'. A 5, orange ; B 8Ji, smalt blue ; the colors in fine contrast. 

lut^'o^ <^BOBon8 CLVSTBB in the sword handle of Perseus ; R. A. 2h. 08m. SSs. ; Dec. 17. 
DO 24' 4'. It may be seen with the naked eye, and when seen through a good telescope 
is one of the most magnificent objects in the heavens. Map VIII., Fig. 25. 

9. An BXTBKSivs AND BiCH GLU3TEB on the right side of Perseus, in a rich portion of 
tne galaxy. R. A. 8h. 04m. Ols. ; Dec. N. 46' 87' 9*. Smyth says " it has a gathering 
spot about 4' in diameter, where the star-dust glows among minute points of light.'* 
Hergchel says, ** the large stars are arranged in lines like interwoven letters. 

10. An XLONQATBiD NEBULA ; R. A. 2h. 80m. 25s. ; Deo. N. 83* 21' 8' : supposed to be a 
vast ring, seen obliquely. Map Vm., Fig. 26. 

^1> A pretty compressed oval qboup or stabs, in the left knee of Perseus, nearly mid- 
day between ;i and a«; R. A. 8h. 68m. lis.; Dec. N. 49' 04' 06'. A weU-marked object, 
sorrouDded bj a curve of larger stars, somewhat in the form of the letter D. Map YIIL, 
'iff. 27. 

Thlbscopio OBjBCTS.^Alphar Beta? Oammaf Delta? Epsilon? ZeU? Etaf 
wusiers ? Nebula? Which shown on the map ? 
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CHAPTER III. 

OONSTELLATIOKS ON THE MERIDIAN IN JANUAKT. 

TAURUS (the bull).— map HI. 

62. Taurus is represented in an attitnde of rage, as if abciit 
to plunge at Orion, who seems to invite the onset by proTOctv- 
tions of assanlt and defiance. Only the head and shoulders fvf 
the animal are to be seen ; but these are so distinctly marked 
that they cannot be mistaken. 

The coDitellatlons which pan oar meridian in the months of January, February and 
March, present to us the most brilliant and interesting portion of the heavens ; embra*:- 
Inf an annual number of stars of the highest order and brightness, all so consplcuoualjr 
situated, that the most inexperienced can easily trace them out. 

63. Taurus is now the second sign and third constellation of the 
Zodiac ; but anterior to the time of Abraham, or more than 
4000 years ago, the yernal equinox took place, and the year 
opened when the sun was in Taurus; and the Bull, for the space 
of 2000 years, was the prince and leader of the celestial host. 
The Ram succeeded next, and now the Fishes lead the year. 
The head of Taurus sets with the sun about the last ot May, 
when the opposite constellation, the Scorpion, is seen to rise in 
the S. E. It is situated between Perseus and Auriga on the 
north, Gemini on the east, Orion and Eridanus on the south, and 
Aries on the west, having a mean declination of 16° N. 

64. Taurus contains 141 visible stars, including two remark- 
able clusters called the Pleiades and Hyadks. The first is now 
on the shoulder, and the latter in the face of the Bull. The 
names of the Pleiades are Alcione, Merope, Maia, i!Jlectra^ 
Tayeta, Sterope and Celeno. Merope was the only one who 
married a mortal, and on that account her star is dim among her 
sisters. Although but six of these are visible to the naked eye, 
yet Dr. Hook informs us that, with a twelve feet telescope, he 
saw 78 stars; and Rheita affirms that he counted 200 stars in 
this small cluster. For its appearance through an ordinary tele- 
scope, see Map YIII., Fig. 28. 

The most ancient authors, such as Homer, Attains, and Gemlnus, counted only «»ar 
Pleiades ; but Slmonides, Varro, Plin j, Aratus, Hiiq;>archus, and Ptolemy, i .tkon theiL 

82. How is Tairus represented? How much of him seen? What comiteuallons most 
brilliant? 68. In what sign is Taurus? What constellation ? How 4000 /ears ago? 
What next led the year? What now? At what time does Taurus set with the sun? 
Bow situated? 64. How many visible stars in Taurus ? Clusters? How situated ? 
Names of the Pleiades? What said of Merope? How many of tha Plaiadii risibte le 
the naked eye? Dr. Hook and Rheita? Ancient authors? 
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KTen In number ; atid it wu uierted, tbftt Um MTenth had b«en Men before the born 
ing of Tro7 ; but this difference might ariie from the difference in diftingoiahing tbeia 
with the naked eye. 

65.^ The Pleiades are so called from the Greek word, nXeeiv 
pledn, to sail; because at this season of the year, they were 
considered ** the star of the ocean" to the benighted mariner. 

VirgU who flourished 1200 jemn before the inrention of the nutgnetie needle, mji 
that the stars were relied upon, in the first ages of nautical enterprise, to guide the nut* 
l>a<k orer the seas. 

** Tunc alnos primnm flnrii sensere caratas ; 
Navita turn stellis numeros, et nomina fecit, 
Pleiadas, Hyadas, claramque Lycaonis Arcton.** 

" Then first on seas the shallow alder swam ; 
Then sailors quartered heaven, and found a name 
For erery fix*d and every wand'ring star — 
The Pleiades, Hyades, and the Northern Gar.** 

The same poet also ^ escribes Palinurus, the renowned pilot of the Trepan fieet, at 
watching the face of the nocturnal heavens. 

** Sidera cuncta notat tacito labentia ccbIo, 
Arcturum, pluviasque Hyadas, geminosque Trlones, 
Armatumque auro ciroumspicit Oriona.*' 
*- Observe the stars, and notes their sliding course, 
Ibe Pleiades, Hyades, and their wat'ry force; 
And both the Bears is careful to behold. 
And bright Orion, arm'd with burnished gold.'* 
Indeed, this sagacious pilot was once so intent in gasing upon the stars while at the 
hehn, Uiat ke fell overboard, and was lost to his companions. 

** Headlong he fell, and struggling in Uie main, 
Oried out for helping hands, but cried in vain.** 

66. Alcyone, of the 3d magnitude, being the brightest star m 
this cluster, is sometimes called the Ught of the Pleiades. The 
other five are principally of the 4th and 5th magnitudes. The 
Pleiades, or, as they are more familiarly termed, the seven stars, 
coDDie to the meridian 10 minutes before 9 o^cloek, on the even- 
ing of the 1st of January, and may serve in place of the sun, to 
Indicate the time, and as a guide to the surrounding stars. 

According to Hesiod, who wrote about 900 years before the birth of our Savior, th» 
heliacal rising of the Pleiades took place on the 11th of May, about the time of harvest 
** When, Atlas-born, the Pleiad stars arise 
Before the sun above the dawning skies, 
*T{s time to reap ; and when they sink below 
The mom-illumined west, 'tis time to sow.** 

Thus, in all ages, have the stars been observed by the husbandman, for ** signs and 
for seasons.** 

Pliny says that Thales, the Miletan astronomer, determined the cosmical setting of 
the Pleiades to be 25 days after the autumnal equinox. This would make a difference 
between the setting at that time and the present, of 85 days, and as a day answers to 
about 50' of the ecliptic, these days will make 84* 25'. This divided by the annual pre> 
cession (50 ^')« ^^U give 2465 years since the time of Thales. Thus does astronomy 
become the parent of chronology. 



W. Why Pleiades so called? Remark, and quotations ft-omVirgil? 66. What said 
of Aleyons f Of the ^ther five t When on the meridian T Serve what purpose? Period, 
and remark of Hesiod? Of Pliny? What calculation respecting the passage of tbfl 
Iteiadea over the meridian? 
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If it be borne iD mind that tht stars uniforroly rise, come to the meridian, and set aboot 
four minutes eariier every succeeding night, it wiii be very easy to determine at what 
time the seven stars pass the meridian on any night subsequent or antecedent to the 
1st or January. For example : at what time will the seven stars culminate on the 5th 
of January f Multiply the 5 days by 4, and take the result from the time they <tf minate 
•n the 1st, and it will give 80 minutes after 8 o'clock in the evening. 

67. The Pleiades are also sometimes called Vergilia, or thu 
" Virgins of Spring ;" because the sun enters this cluster in the 
" season of blossoms,'' about the 18th or May. He who made 
them alludes to this circumstance when he demands of Job : 
" Canst thou bind the sweet influences of the Pleiades," &c — 
(Job 38 : 31.) 

The Syrian name of the Pleiades is Sucoath^ or SucootK-Senoth^ derived from a Chai> 
dale word, which signifies ** to speculate, to observe," and the " Men of Succ^th'* 
(8 Kings 17 : 80) have been thence considered observers of the stars. 

68. The Ilyades are situated ll"" S. E. of the Pleiades, in the 
face of the Bull, and may be readily distinguished by means of 
five stars so placed as to form the letter V. (Map VIII., Fig. 
29.) The most brilliant star is on the left, in the top of the 
letter, and called Aldebaran ; from which the moon's distance is 
computed. 

** A star of the first magnitude illumes 
His radiant head ; and of the second rank. 
Another beams not far remote." 

The ancient Greeks counted seven in this cluster :— 

** The Bull's head shines with seven refulgent flames. 
Which, Oreoia^ Uyades, from their ^h^ering names." 

69. Aldebaran is of Arabic origin, and takes its name from 
two words which signify, "JHe went before, or led the way'' — 
alluding to that period in the history of astronomy when this 
star led up the starry host from the vernal equinox. It comes 
to the meridian at 9 o^clock on the 10th of January, or 48^ 
minutes after Alcyone, on the 1st. When Aries is about 21° 
high, Aldebaran is just rising to the east. So Maniltos : — 

** Thus, when the Earn hath doubled ten degrees. 
And join'd seven more, then rise the Hyades." 
4, line 15^* E. N. E. of Aldebaran will point out a bright star of the 2d magnitude in 
ths extremity of the northern horn, marked Beta or El Nath ; (this star is also in the 
foot of Auriga, and is common to both constellations.) From Beta in the northern horn, 
to Zeta, in the tip of the southern horn, it is 8*, in a southerly direction. This star 
forms a right angle with Aldebaran and Beta. Beta and ZeU, then, in the button of the 
horns, are in a line nearly north and south, 8* apart, with the brightest on the north 
That very bright star 17)6* N. of Beta, is Capella, iathe constellation Auriga. 

67. What other name have the Pleiades, and why ? Citation from Job ? Syrian name f 
58. Where are the Ilyades situated? How known? Where the most brilliant star? 
Name ? Are they shown on the map t 69. Origin and import of the name Aldebaran t 
When does it come to the meridian at 9 o'clock p.m. ? Where is Beta? In w'uat othef 
constellation? Zeta, and its distance? How situated with reference to AK^barar. mU 
Beta? How Beto and Zeta? Capellat 
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HI8T0RT. 

According to the Grecian mythology, this is tbr animal wtiich bore loropa orer Uif 
leas to that country which derived from tier its name. She was the daughter of Ageoor 
SDd princess of Phoenicia. She was so l>eautifttl that Jupiter became enamoured of he" 
%nd assuming the shape of a snow-white bull, he mingled with the herds of Agenoi 
while Europa, with her female attendants, were gathering flowers in the meadows 
Karopa care-jsed the beautiful animal, and at last had the courage to sit upon his back. 
The god now took advantage of her situation, and with precipitate steps retired towards 
the shore, and crossed the sea with Europa upon his back, and arrived safe (n Crete. 
Bome supx>ose she lived about 1552 years before the Christian Era. It is probable, however, 
that this constellation had a place in the Zodiac before the Greeks began to cultivate a 
knowledge of the stars; and that it was rather an invention of the Egyptians or Chal- 
deans. Both the Egyptians and Persians worshipped a deity under this figure, by thv 
name of Apis ; and Belzoni is said to have found an embalmed bull in one of the notabU 
sepulchres near Thebes. 

In the Hebrew Zodiac, Taurus is ascribed to Joseph. 

The Pleiades, according to fable, were the seven daughters of Atlas and the nympr 
Pleione, who were turned into stars, with their sisters the Uyades, on account of their 
amiable virtues and mutual affection. 

Thus we everywhere find that the ancients, with all their barbarism and idolatry, 
entertained the belief that unblemished virtue and a meritorious life would meet th«>ir 
reward in the sky. Thus Virgil represents Magnus Apollo as bending from the sky t4* 
address the youth lulus : — 

**Macte nova virtute puer; sic itur ad astra; 
Diis genite, et geniture Decs." 

** Go on, spotless boy, m the paths of virtue ; it is the way to the stars ; offiipring of 
the gods thyself— so shalt thou become the father of gods." 

Our disgust at their superstitions -may be in some measure mitigated, by seriously 
reflecting, that had some of these personages lived in our day, they had been orna- 
ments in the Christian Church, and models of social virtue. 

TELESCOPIC OBJECTS. 

1. a Taitsi (Aldebaran) — A star of the first magnitude with a telescopic companion 
R. A. 4h. 26m. 44s. ; Dec. N. 16° 10' 9'. A 1, pale rose tint ; B 12, sky blue. 

2. /8TAURi(i^i 2fathy—R. A. 6h. 16m. lis.; Dec. N. 28* 28*. A fine star, with a 
distant companion. A 2, brilliant white ; B 10, pale grey. 

8. y Tadhi— One of the Hyades ; R. A. 4h. 10m. 4l8. ; Dec. 11* 14' 1'. A bright star, 
with a distant telescopic companion ; A 8>i, yellow; B 11, pale blue. 

4. 17 Tadri (^/oyo«^)— One of the Pleiades ; R. A. 8h. 87m. 578. ; Dec. N. 28* 86* 8*, 
A 8, greenish yellow ; B, pale white and distant. 

5. A MBBULous STAR ; R. A. 8h. 59m. 06s. ; Dec. N. 80* 20' 5'. A star of the eighth 
magnitude, with a faint luminous atmosphere smrounding it, and about 8' in diameter. 
This star and nebula led Sir William Uerschel to adopt his Nebula Theory, or theory of 
condensation of gas or nebulous matter, into suns and worlds. 

6. A LABQB NBBOLA ; R. A. 5h. 24m. 51s. ; Dec. N. 21* 54' 2'. It is about one degree 
north-west of ^in the tip of the Bull's southern horn. It is an oval form, with several 
minute telescopic stars in its vicinity. For drawing, see Map YIII., Fig 80. 

Ot the Pleiades and ffyadeSy two prominent clusters, we have spoken at 64, 66. 

ORION.— -MAP ni. 

70. Whoever looks up to this constellation and learns its 
name, will never forget it. It is too beautifully splendid to need 
a description. When it is on the meridian, there is then above 

H'STORT. — story of Europa and Jupiter? What probability? What said of the 
Egj'pl'ans and Persians? Hebrew zodiacs? Fabulous paternity of the Pleiades? Why 
turned into stars? What remarks respecting the ancients? 

Tklsscopio Objects.— Alpha ? Beta? Qamma? Eta? Nebulae? Point out on tht 

iS. What Is a»id of Orion? Of the view when on the meridian? How is Crlon 



Digitized by Google 



42 A8TRCNUMV 

the horizon the most magnificent riew of the celestial bodies 
that the starry firmament affords ; and it is visible to all the 
habitable world, because the equinoctial passes through the 
middle of the constellation. It is represented on celestial maps 
by the figure of a man in the attitude of assaulting the Bnll, 
with a sword in his belt, a huge club in his right hand, and the 
skin of a lion in his left, to serve for a shield. 

Manilius, a Latin poet, who composed Are books on astronomj a short time befiuv the 
birth of our Saviour, thus describes its appearance : — 

** First next the Twins, see great Orion rise, 
His arms extended stretch o'er half the slcies* 
His stride as large, and with a steady pace 
He marches on, and measures a vast space ; 
On each broad shoulder a bright star displayed. 
And three obliquely grace his hanging blade. ' 
In his vast head, immersM in boundless spheres, 
Three sUrs, less bright, but yet as great, he bears. 
But farther off removed, their splendor's lost ; 
Thus graced and arm'd he leads the starry host.** 

71. The centre of the constellation is midway between the 
poles of the heavens and directly over the equator. It is also 
about 8° W. of the solstitial colure, and comes to the jneridian 
about the 23d of January. The whole number of visible stars 
in this constellation is 78 ; of which, two are of the first magni- 
tude, four of the 2d, three of the 3d, and fifteen of the 4th. 

72. Those four brilliant stars in the form of a long square or 
parallelogram, intersected in the middle by the " Three Stars,** 
or " Ell and Yard," about 25° S. of the BulPs horns, form the 
outlines of Orion. The two upper stars in the parallelogram are 
about 15° N. of the two lower ones ; and, being placed on each 
shoulder, may be called the epaulets of Orion. The brightest 
of the two lower ones is in the left foot, on the W., and the 
other which is the least brilliant of the four, in the right knee. 
To be more particular ; Bellatrix is a star of the 2d magnitude 
on the W. shoulder ; Betelguese is a star of the 1st magnitude, 
t^° E. of Bellatrix, ou the E, shoulder. It is brighter than 
Bellatrix, and lies a little farther toward the north ; and comes 
to the meridian 30 minutes after it, on the 21st of January. 
These two form the upper end of the parallelogram. 

73. Rigel is a splended star of the 1st magnitude, in the left 
foot, on the W. and 15° S. of Bellatrix. Saiph is a star of the 
3d magnitude, in the right knee, 8-J^° E.' of Rigel. These two 
form the lower end of the parallelogram. 

sented on the mapif How described by HaniUusf 71. Situation of Orion f Number 
of visible stars? Magnitudes f 72. Whtitis the EU and Yard f What constitutes tbf 
ourliue of Orion? Where is BcUaMat BeielgueM and magnitude? 78. MigdX 
iiuip/tf 
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♦• Krtt la raak 

The martial itar upon h\§ fhooldei fliiaft; 
A riral star Ulaminatet his foot ; 
And oc his girdle beams a Inmiiiary 
Which, in yicinitjr of other stars, 
Might daim the proudest honors.** 



74. There is a little triangle of three small stars in the head 
of Orion, which forms a larger triangle with the two in his 
shoulders. In the middle of the parallelogram are three stars 
of the 2d magnitude, in the belt of Orion, that form a straight 
line about 3° in length from N. W. to S. E. They are usually 
distinguished by the name of the Three Stars, because there are 
no other stars in the heavens that exactly resemble them in 
position and brightness. They are sometimes denominated the 
Three KUigs, becanse they point out the Hyades and Pleiades 
on one side, and Sirius, or the Dog-star, on the other. In Job 
they are called the Baiids of Orion ; while the ancient husband- 
men called them Jacobus rod, and sometimes the Rake. The 
University of Leipsic, in 1807, gave them the name of NapoUon. 
But the more common appellation for them, including those 
in the sword, is the EM wnd Yard, They derive the loiter name 
from the circumstance that the line which unites the "three 
stars" in the belt measures just 3^ in length, and is divided by 
the central star into two equal parts, like a yard-stick ; thus 
serving as a graduated standard for measuring the distances of 
stars from each other. When, therefore, any star is described 
as being so many degrees from another, in order to determine 
the distance, it is recommended to apply this rule. 

It is necessary that the scholar should task his ingenuity only a few eTenings in apply* 
Ing such a standard to the stars, before he will learn to Judge of their relatiTe distance* 
with an accuracy that will seldom vary a degree ftrom the truth. 

15. The northernmost star in the belt, called Mintika, is less 
than i° S. of the equinoctial, and when on the meridian, is 
almost exactly over the equator. It is on the meridian, the 24th 
of January. The " three stars " are situated about 8** W. of 
the solstitial colure, and uniformly pass the meridian one houi 
and fifty minutes after the seven stars. There is a row of stars 
of the 4th and 5th magnitudes, S. of the belt, running down 
obliquely towards Saiph, which forms the sword. This row ia 
also called the Ell because it is once and a quarter the length 
of the Yard or belt. 

74. What constitutes the head of Orion t What in the middle of the parallelogram f 
ffames, and whyf ** Three stars f" ** Three Kings?" "Bands of Orion/* "Jacobs 
Rod," Napoleon,^* ** Ell and Yard ? Use of the Ell and Yard ? 75. What said of Mk^ 
Ukar Ot the ** three stars?" What other row of stars? Forms what? Called what 
ludwhy? 
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76. About 9° W. of Bellatrix, are eight stars, chieflj of th« 
4th magnitude, in a curved line running N. and S. with the con- 
cavity toward Orion ; these point out the skin of the lion it 
his left hand. Of Orion, on the whole, we may remark wiii 
Eudosia:-- 

** He who admires not, to the stars is blind." 
HISTORY. 

According to some authorities, Orion was the son of Neptune and queen Eurjale* a 
Tamous Amazonian huntress, and possessing the disposition of liis mother, he became 
the greatest hunter in the world, and even boasted that there was not an animal on 
eai'th which he could not conquer. To punish this vanity, it is said that a scorpion 
sprung up out of the earth and bit his foot, that he died ; and that at tbf* request of 
Diana he was placed among the stars directly opposite to the Scorpion that caused his 
death. Others say that Orion had no mother, but was the gift of the go.ds, Jupitei) 
Neptune, and Mercury, to a peasant of Bceotia, as a reward of piety, and that he was 
invested with the power of walking over the sea without wetting his feet. In strength 
and stature he surpassed all other mortals. He was skilled in the working of iron, from 
which he fabricated a subterranean palace for Vulcan ; he also walled in the coasts of 
Sicily against the inundations of the sea, and built thereon a temple to its gods. 

Orion was betrothed to the daughter of (Enopion, but he, unwilling to give up his 
daughter, contrived to intoxicate the illustrious hero and put out his eyes, on the sea- 
shore where he had laid himself down to sleep. Orion, fiiiding himself blind when he 
awoke, was conducted by the sound to a neighboring forge, where he placed one of the 
workmen on his back, and, by his directions, went to a place where the rising sun was 
seen with the greatest advantage. Here he turned his face toward the luminary, and, 
as it is reported, immediately recovered his sight, and hastened to punish tbe perfldioa4 
cruelty of CEnopion. 

As the constellation Orion, which rises at noon about the 9th day of March, and sets at 
noon about the Slst of June, is generally supposed to be accompanied, at its rising, with 
great rains and storms, it became extremely terrible to mariners, in the early adv«in* 
tures of navigation. Virgil, Ovid, and Horace, with some of the Greek poets, make 
mention of this. 

Thus Eneas accounts for the storm which cast him on the African coast on his way ta 
Italy:— 

" To that blest shore we steer'd our destined way, 
When sudden, dire Orion rous'd the sea ; 
All charged with tempests rose the baleful star. 
And on our navy pour'd his wat'ry war." 

To induce him to delay his departure. Dido's sister advises her to 

'* Tell him, that, charged with deluges of rain, 
Orion rages on the wintry main." 

The name of this constellation is mentioned in the books of Job and Amos, and In 
Homer. The inspired prophet, penetrated like the psalmist of Israel with the omni- 
science and power displayed in the celestial glories, utters this sublin^e injunction : *^ Seek 
Him that maketh the seven stars and Orion, and turneth the shadow of death into 
morning." Job also, with profound veneration, adores his awful majesty who *' com- 
mandeth the sun and sealeth up the stai-s ; who alone spreadeth out the heavens, and 
maketh Arcturus, Orion, and Pleiades, and the chambers of the south :" and in another 
( lace, the Almighty demands of him — '•'■ Knowest thou the ordinances of heaven ? Canst 
thou bind the sweet influences of the Pleiades, or loose the bands of Orion ; canst thou 
bring forth Mazzaroth in his season, or canst thou guide Arcturus with his sonst" 

Calmet supposes that Maezaroth is here put for the whole order of celestial bodies if 
the Zodiac, which, by their appointed revolutions, produce the various seasons of th« 
year, and the regular succession of day and night. Arctums is the name of the prin- 
cipal star in Bootes, and is here put for the constellation itself. The expression, Ads aont^ 
doubtless refers to Asterion and Chara, the two greyhounds, with which he s^ems to be 
pursuing the Great Bear around the North pole. 

76. What stav^ mentioned west of Bellatrix? Remark respecting Orion? 

UiSTORT. — Story of parentage? Disposition and boasting? Punishment? WhtA 
•ther account? What mention of by Virgil? By Job and Homer? SapposiiioA of 
Calmet? Wba' meant by "Arcturus and his sons?" 
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TELESOOPIO OBJECTS. 

1. rt (haxmrn CBetOfyuesey-R, A. Wi. 46in. SOs. : Dec N. V 28' 8*. A 1, oranf« tiaft; 
B 11, bluish. 

2. Okionis (Rigeiy—YL A. 5h. 6m. 6l8 ; Dec. 8. 8* 28' 6'. A 1, pale jtHow; Bf 
fapphire blue. Map Vlll. Fig. 8. 

8. y Orionis {BeclcUrix)—R. A. 6h. 16m. 888. ; Dec. N. «• 12 . A rni« kam, with a 
minute distant companion. A 2, pale yeUow ; B 16, grey. 

4. d Orionis (^MintaJta)—A coarse doubui star In the girdle of the figure ; R. A. 5b 
28m. 508. ; Dec. S. 0' 26' 4'. A 2, white ; B 7, pale violet. 

5. e Okionis iAlndlam) in the centre of his belt ; R. A. 5h. 28m. 06e. ; Dec 8. 1* 18 C* 
A 2^, white and nebulous ; B. 10, pale blue. 

%. i Orionis {Alnitah) the last or lowest in the belt ; R. A. 6h. 82m. 4U. ; Dec B. 2* 0^ 
A fine TRiPU STAR. A 8, topa* yellow ; B 65<, light purple ; and C 10, gray. 

7. A minute i>onBi.B star and cluster, in Orion's left hand ; R. A. 5h. 09m. 36e. ; Deo. 
r,. 18" 58' 6'. A 7 >^ , B 8)^, both lucid white. 

8. Another doublr star in a cluster, in the left shoulder; R. A. 6h. 08m. 868. ; Dr:. N. 
0* 28' 9'. A 9}^ and B 10, both pale yellow. A tolerably rich cluster, with numerous 
•tragglers. 

9. A PLANBTAT NRBULA, of a bluish whitc tint, on the nape of Orion's neck — small, pale, 
but quite distinct. R. A. 6h. 83ui. 2l8. ; Dec. N. 9* 00' 2'. 

10. Two stars " in a wispy nebula," just above the left hip; R. A. Sh. 88m. 88*.; Dec. 
N.O* 00' 7*. A 8H and B. 9, both white. A singular mass, between two small stars, about 
equi-distant, in a blankish part of the heavens. 

11. The GRRAT NRBiTLA OF Orion — The most conspicuous nebula in all the heavens. It 
Is situated in the stoord of Orion, below the middle star of the belt ; R. A. 6h. 27m. 268.; 
Dec. 8. 5" 80'. For its posiUon in the consteUatlon see Map Vlll., Fig. 81. It may be 
seeu with a common telescope. There is an apparent opening in one side of this nebula, 
through which, as through a window, we seem to get a glimpse of other heavens, and 
brighter regions. (Map VllL, Fig. 82.) 

12. The middle star in the sword is in the midst of this nebula, and with powerful tele- 
Bcopes is found to be sextuple. The writer has often seen the fifth star with a 6-incb 
refractor. These stars constitute the TYapeetiuin of Orion, The region around thifl 
uebula is rich in sUrs, as shown on Map YIU., Fig. 88. 

LEPUS (THE HARE).— MAP III. 

*I*I. This constellation is situated directly south of Orion, and 
comes to the meridian at the same time ; namely, on the 24th 
of January. It has a mean declination 18° S., and contains 19 
famall stars, of which, the four principal ones are of the 3d magni- 
tude. It may be readily distinguished by means of four stars 
of the 3d magnitude, in the form of an irregular square, or 
trapezium. 

tS. Zeta, of the 4th magnitude, is the first star, and la 
situated in the back, b'^ S. of Saiph, in Orion. About the same 
distance below Zeta are the four principal stars, in the legs and 
feet. These form the square. They are marked Alpha, Beta, 
Gamma, Delta. 

Tklkscopio Objrcts.— Alpha? Beta? Gamma? Delta, Ac? What doable itais? 
NebulB? Point out on the map ? 

77. Location of Lepus? Number and magnitude of stars? How may tt be distill* 
fnii^bed? 78. Siae and situation of Zeta? Other principal stars? How marked oi 
Ukemap? 
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79. Alpha, otherwise called Arnehf and Beta form the N. W. 
end of the trapezium, and are about 3^ apart. Gamma and 
Delta form the S. E. end, and are about 2^"" apart. The upper 
right-hand one, which is Ameb, is the brightest of the four, and 
is near the centre of the constellation. Four or five degrees S. 
of Rigel are four yer j minute stars, in the ears of the Hare. 

HISTORY. 

Thin constelUtloB if situatod about 18* west of Uie Great Dof, which, from the motion 
of the earth, teeiLa to be purtoing it, as the Greyhounds do the Bear, round the Circoil 
of the skies It was one of those animals which Orion is said to have delighted in hunt- 
ing, and which, for this reason, was made into a constellation and traced near him 
among the stars. 

TEI.ESGOPIC OBJECTSL 

1. a Lepobb (Ameby^A distant douslb stae ; R. A. 5h. S5m. 408. ; Dec. 8. 17* 66' 05*. 
A SHt pale yeUow ; B 93< , grey. 

8. is Lbpors (yVuUy^k STAR with a distant telescopic companion ; R. A. 6h. 21m. 88a. ; 
Dec. S. 20* W 06'. A 4, deep yeUow ; B 11, blue. 

8. y Lbpo«u»— A wide triplb stak in a barren field ; R A. 6h. 87m. 48s. ; Dec 8. 22* 
80' 02'. A 4, light yellow ; B 63<, pale green ; C 18, dusky. 

4. I Lipoais— A delicate nouBLB stak in the Hare's left ear ; R. A. 6h. 04m. 608. ; Deo. 
8. 12* 08' 09'. A 4H, white ; B 12, pale violet, with a reddish distant star nearly north. 

6. K Lkposis— A close doublb star, at the root o&ihe left ear ; R. A. Sh. 6m. 618. ; Deo. 
8. 18* 08'. A 5, pale white ; B 9, clear grey. 

6. A bright stellar nbbula, under the Hare*s feet; R. A. 6h. 17m. 608. ; Dec. 8. 24* 89 
09'. A fine otiJect of a milky white tinge, and blazing towards the centre. Uerscher. 
describes it as " a beautifhl cluster of stars, nearly 8' in diameter, of a globular form^ 
and extremly rich.** An imaginary line run from Betelguese before a Leporis, and ever 
3t will hit this ohJect about 4* south-west of the latter. 



COLUMBA (noah's dovb).— MAP HI. 

80. This consteUation is situated about 16^ S. of thu Htire, 
and is nearly on the same meridian with the *' Three Stars," in 
the belt of Orion. It contains only 10 stars ; one of the 2d, 
one of the 3d, and two of the 4th magnitudes ; of these Phaet 
and Beta are the brightest, and are about 2^"^ apait. Phaet, 
the principal star, lies on the right, and is the highest of the 
two ; Beta maj be known by means of a smaller star just east 
of it, marked Gamma. A line drawn from the easternmost star 
in the belt of Orion, 32'' directly south, will point out Phaet ; it 
is also 11^^ S. of the lower left-hand star in the square of the 
Hare, and makes with Sirius and Naos, in the ship, a large equi* 
lateral triangle. 

79. What other name bis Alpha; and with Beta what does it form? What f^uiher 
iescription ? 

History. —Why was Lepus placed in the heavens t 

TBLBSCXtpio Objects.— Alpha f Beta? Gamma t lotat Kappa? Nebula f 

80. Situation of Columbaf Number and siee of stars? The two brightest, and titv^ 
Honf How find Phaet? What figure does it help to form? With what other itaraf 
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UlSTOBT. 

Thif cousteDation is so caHed in commemoratifm of the doTe wb eh Noah *^ MCt ft 
to we if tlie waters were abated from off tbe face of tbe ground," after tbe ark I 
rested on mount Ararat. ** And the dove came in to bim in the eTeoinc, and lo, in 1 
notttli was ao oUre leaf pluclEed olL 



'*The surer mesienfer, 



A doTO sent forth once and again to spj 
Oreen tree or ground, whereon tiis foot msj light : 
The second time returning in his bill 
An olive leaf he brings, paciflo sign I** 



ERTDANU8 (the river po).— MAP ni. 

81 This consteUation meanders orer a large and yery irregu- 
lar space in the heavens. It is not easy, nor scarcely desirable, 
to trace out all its windings among the stars. Its ensure length 
18 not less than 130*^ ; which, for the sake of a more easy refer- 
ence, astronomers divide into two sections, the northern and 
the southern. That part of it which lies between Orion and the 
Whale, including the great bend about his paws, is distinguished 
by the name of the Northern stream ; the remainder of it i& 
called the Southern stream. 

82. The Northern stream commences near Rigel, in the foot of 
Orion, and flows out westerly, in a serpentine course nearly 40** 
to the Whale, where it suddenly makes a complete circuit, and 
returns back nearly the same distance towards its iBOurce, but 
bending gradually down toward the south, when it again makes 
a similar circuit to the S. W., and finally disappears below the 
KoTizon. 

West of Rigel th«re are five or six stars of the 8d and 4th magnitudes, arching up in a 
'«mi-circnlar form, a«td marking the JireA bend of the northern stream. About 8' below 
wese, or 19° W. of Rigel, is a bright star of the 2d magnitude, in the Meond bend of the 
lorthern stream, marked Oamma. This star culminates Itf minutes after the Pleiades, 
ft 1?°^ hour and a quarter before Rigel. Passing Gamma, and a smaller star west of 
IL ® *"** ^**^ ***'* nearly in a row, which bring us to the breast of (.Vtus. 8* N. of 
^^'"■^nu, is a small stai named iTtlM^,- which is thought by some to be consia^rably nearer 
tte earth than Sirius. 

Theemim.^ in the southern stream, is a star of the 8d magnitude, about 17* S. W. of 
^ square in Lepus, and may be Iccwn by means of a smaller star 1* above it. Acker- 
^IJI^^Vs a brilliant star of the Ist magnitude, in the extremity of the southern stream; 
*>>» ciTing 58* of 8. declination, can never be seen in this latitude. 

83 The whole number of stars in this constellation is 84 ; of 
"^hicb, one is of the 1st magnitude, one of the 2d, and eleven 
are of the 3d. Many of these cannot be pointed out by verbal 
^^scviption ; they must be traced from the map. 

HiSTORT— Origin of this constellation ? 
,SU What said of Eridanus? Length! How divided! 83. Tra«o the Northern 
'tream? Chimmaf Theemim? Achemarf 83. Whole number of stars in Bridanu# f 
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84. In the upper part of the Northern stream, near the feet 
of Tanrus, nay be seen a modern, but now discarded constella- 
tion, of which Captain Smyth says: ''Abb6 Hell (who also 
placed HerschePs Telescope among the celestials) has squeezed 
in his Harpa Georgii^ to compliment a soyereign of those realms ; 
havmg filched from Eridanus about thirty or forty stars, some 
of the 4th magnitude, for the purpose. 

mSTORT. 
Eridanus is the name of a celebrated rirer in Cisalpine Gaol, also called Padua. It* 
modern name is Po. Virgil calls it the king of rivers. The Latin poets have rendered 
it memorable from its connection with the fable of Phaeton, who, being a son of Phcebas 
and Cljmene, became a favorite of Venus, who intrusted him with the care of one of 
her temples. This favor of the goddess made him vain, and he sought of his father a 
public and incontestable sign of his tenderness, that should convince the world of his 
•rigin. Phoebus, after some hesitation, made oath that he would grant him whatever 
be required, arid oo sooner was the oath uttered, than — 

** The youth, transported, asks without delay. 
To guide the sun*s bright chariot for a day. 
The god repented of the oath he took. 
For anguish thrice his radiant head he shook;— 
My son, says be, some other proof require. 
Rash was my promise, rash was thy desire — 
Not Jove himself, the ruler of the sky. 
That hurls the three -forked thunder from above, 
Dares try his strength ; yet who as strong as Jovef 
Besides, consider what impetuous force 
Turns stars and planets I*, a diSt rent course. 
I steer against their motions ; nor am I 
Borne back by all the current of the sky: 
But how could you resist the orbs that roll 
In adverse whirls, and stem the rapid po^et" 
Phcebus represented the dangers to which he would be exposed in vain. He under- 
took the aSrial Journey, and the explicit directions of his father were forgotten. Na 
.ooner had Phaeton received the reins than he betrayed his ignorance of the manner 
cf guiding the chariot. The flying coursers became sensible of the confusion of theit 
driver, and immediately departed from the usual track. Phaeton repented too late of 
his rashness, and already heaven and earth were threatened with a universal confla* 
gration as the consequence, when Jupiter, perceiving the disorder of the horses, struck 
the driver with a thunderbolt, and hurled him headlong from heaven into the river 
Eridanus. His body, consumed with fire, was found by the nymphs of the placa, wh* 
honored him with a decent burial, and inscribed this epitaph upon his tomb: — 
" J7?.j situs est PhadoUy currus auriga pat&mi : 
Quene si non tenvU^ magnis tamen eoocidU ausU.^* 
ffis sisters mourned his unhappy end, and were changed by Jupiter into popian. 
•♦AH the long night their mournful watch they keep. 
And all the day star.i round the tomb and weep." — Ovid. 
It is said the tears which they shed turned to amber, with which the Phoenicians 
and Carthaginians carried on in secrecy a most lucrative trade. The great heat pro. 
duced on the occasion of the sun's departing out of his usual course, is said to have 
dried up the blood of the Ethiopians, and turned their skins black; and to have pro- 
iuced sterility and barrenness over the greater part of Libya. 

"At once from life and from the chariot driven, 
Th* ambitious boy fell thunderstruck firom heaven.** 
♦ ♦♦♦♦♦» 

84. What discarded constellation mentioned? Is it on the map? Remark of Oapt 
Bmyth? 
HorroKV. — ^Named after what?. Modern name? Fable of Phaeton? Its evidon* 
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**The breathless Phaeton, with flaming hah, 
Shot fr<»n the chariot like a falling star, 
That in a summer's evening from the top 
Of heaven drops down, or seems at least to drop, 
Till on the Po his blasted corpse was hurlM, 
Far from his country, in the western world.'* 
The fable of Phaeton evidently alludes to s<Mne extraordinary heats whliL we/« 
eToerienced in a very remote period, and of which only this confiised traditloa ha« 
descended to later times. 

TELESCOPIC OBJECTS. 

1. Ebidahi — ^A bright star with a distant telescopic companion, on the shin btre af 
Orion ; R. A. 4h. 69m, 5»8. ; Dec. S. 6* 17' 9". A 8, topas yellow ; B 12, pale blue. rLi« 
star is just above Rigel, in the direction of the Hyades. 

2. y EamANi— A star with a distant companion ; ft. A. 8h. 60m. 84s. ; Deo. 8. 18* 66'. 
A 2Ji, yellow ; B 10 pale grey. 

8. A MILK wHiTB MicBULA ; R. A. 8h. 88m. 03s. ; Deo. S. 19* 04' 8'. Pale, distinct, round, 
and bright in the centre. 

4. A PLAMBTART NEBULA ; R. A. 4h. 09m. 60s. ; Dec. 8. 18* 09' I'. About 4H* from > 
in the direction of Rigel. A splendid though not very conspicuous ot^Ject, of a greyiso 
white color. Map YIII., Fig. 84, represents it in its best aspects, highly magnified, 
with four telescopic stars in the field, two of which point exactly towards the nebula. 

SOEPTRUM BRANDENBURGIUM (sceptre of brandenburo). 
MAP III. 

S5. This is a slender constellation, situated between the two 
Btf earns of the River Po. It was constructed by Kirch, in 1688. 
and recognized by Bode a century afterwards ; but is now gene- 
rally discarded, though retained on the map. It is composed of 
four stars of the 3d, 4 th and 5th magnitudes, running north and 
Routh; and is usually included in Eridanus. 



AURIGA (the charioteer).— map IIL 

66. The Charioteer, called also the Wagoner, is represented 
on the celestial map by the figure of a man in a reclining posture, 
resting one foot upon the horn of Taurus, with a goat and her 
kids m his left hand, and a bridle in his right. 

It is situated J^. of Taurus and Orion, between Perseus on 
^^e W. and the Lynx on the E. Its mean declination is 45** 
^' ; so that when on the meridian, it is almost dbectly oyerhead 
in New England. It is on the same meridian with Orion, and 
culminates at the same hour of the night. Both of these con- 
stellations are on the meridian at 9 o^clock on the 24th of 

^f«LwcopioOBJBCTs.— Betat Gamma? Nebula t Point out on the map. 

^- Describe the Sceptre of Brandenburgh f Situation f When and by whom oonstt* 
^t«d ? Is it recognized by astronomers? Number and magnitude of stars? S6. Hoii< 
^ Auriga represented? Situation? When on themeridianf 
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Janaary, and 1 boar and 40 minutes east of it on the ist oi 
Janaarj. 

8T. The whole number of visible stars in Auriga, is 66, 
including one of the 1st and one of the 2d magnitude, which 
mark the shoulders. Capella is the principal star in this con- 
stellation, and is one of the most brilliant in the heavens. It 
takes its name from Capella, the goat, which hangs upon the 
left shoulder. It is situated in the west shoulder of Auriga, 24° 
E. of Algol, and 28*^ N. E. of the Pleiades. It may be known 
by a little sharp-pointed triangle formed by three stars, 3® or 4° 
this side of it, on the left. It is also 18° N. of El Nath, which 
is common to the northern horn of Taurus, and the right foot 
of Auriga. Capella comes to the meridian on the 19th of 
January, just 2^ minutes before Rigel, in the foot of Orion, 
which it very much resembles in brightness. 

MenkaUna^ in the east shoulder, is a star of the 2d magnitude, 7)<* E. of Capella, ami 
culminates the next minute after Betelguese, 879^* S. of it. Th^^ in the right arm, is a 
star of the 4th magnitude, 8* directly south of Menlcalina. 

It may be remarlced as a curious coincidence, that the two stars in the shoulders of 
Auriga are of the same magnitude, and just as far apart as those in Orion, and opposite 
to them. Again, the two stars in the shoulders of Auriga, with the two iu the shoulders 
of Orion, mark the extremities of a long, narrow parallelogram, lying N. and S., and 
whose length is just five times its breadth. Also, the two stars in Auriga, and the 
two in Orion, mal<e two slender and similar triangles, both meeting in a common point, 
3alf way between them at El Nath, iu the northern horn of Taurus. 

DelUiy a star of the 4th magnitude in the head of Auriga, is about 9* N. of the two in 
the shoulders, with which it makes a triangle, about half the height of those just alluded 
to, with the vertex at Delta. The two stars in the shoulders are therefore the base of 
two similar triangles, one extending about 9* N. to the head, the other 18* £. to the heel, 
on the top of the horn : both flgurfs together resembling an elongated diamond. 

J)elta in the head, Menkalina in the right shoulder, and Theta in the arm of Auriga, 
makf! a straight line with Betelguese in Orion, Delta in the square of the Hare, and Beta 
In Noah*s Dove ; all being very nearly on the same meridian, 48 W. of tke ■olstitial 
«olure. 

** See next the Croatherd with his kids; he shines 

With seventy stars, deducting only four, 

Of which Capella never sets to us. 

Ani scarce a star with equal radiance beams 

Upon the earth : two other stars are seen 

Due to the second order." — Eudotia, 

HISTORV. 

the Greeks glre various aecounts of this constellation ; some supposed it to be Erlch- 
honius, the fourth king of Athens, and son of Vulcan and Minerva, who awarded him a 
f<la.;e among the constellations on account of his many useful inventions. He was of a 
monstrous shape. He is said to have invented chariots, and to have excelled all other* 
(n the management of horses. In allustftn to this, Virgil has the following lines !— 
*♦ Primus Erichthonius currus et quatuor ausus 
Jungere equos, rapidisque rotis insistere victor.** 

Georgic. Lib. Ui. p. 118. 

** Bold Erichthonius was the first who join*d 
Four horses for the rapid race designed. 
And o'er the dusty wheels presiding sat.'*— 2)/yd«fi. 



87. Number of stars visible f Magnitude and situation of Capella f How known! 
tteakalinaf Delta compared wivh Theta? 
lUtfVORT.—Tho first cuppokition ? Seoor.d? Third? Opinion of JaroiMon * 
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Other writers sajr that Bootet inyented the chariot, and that Aarln vaa the eon of 
Mercury, and charioteer to (Enomaus, king of Pisa, and so experienced, that he renders) 
his horses the swiftest in ali Greece. Bot as neither of these fables seems to account for 
the goat and her kids, it has been supptwed that they refer to Amalthssa and her siiier 
Melissa, who fed Jupiter, during his infancy, with goat's milk, and that, as a reward for 
their kindness, they were placed In the heavens. But there is no reason assigned for 
their being placed in the arms of Auriga, and the inference is unaToidaMe, thai 
mythology is at fault on this point 

Jamieson is of opinien that Auriga is a mere tjpe or scientlAo symbol of the beauUftA 
fhble of Phaeton, because he was the attendant of Phosbus at that remote period wheo 
Taurus opened the year. 

TELESCOPIC OBJECTS. 

1. a AuRiojs (OapeUa\—A fine star with two distant companions, on the right shoulder- 
blade of Auriga ; R. A. 5h. 04m. d8s. ; Dec. N. 45* 49* OT'. A 1, bright white ; B 19, pa.« 
blue; 9, grey. . mi , *-, k- 

8. AuRiojB (Jf&nkalindy—k bright star in the left shoulder, with a distant com- 
panion ; R. A. 5h. 47m. 4ds. ; Dec. N. 44* W 8*. A V, yellow; B 103<, Mulsh. 

8. A aiCH CLUSTKR of minute staiA, on the left thigh ; R. A. Si. 18m. 41s. ; Deo. N. 80* 
44' 9' A singular figure, somewhat like a cross. Find by a line firom Rigel, northwardf 
through Tauri, and about 7* beyond. 

4. A RS80LTABI.B NKBULA ; R. A. M . SOm. 51s. ; Deo. N. 84* Of' 9". Situated In a rich 
field of n^ute stars. 



0AMEL0PARDALU8 (the oamelopabd).— MAP VI. 

88. This constellation was made by Hevelias out of the 
Qnformed stars which lay scattered between Perseus, Auriga, 
the head of Ursa Major, and the Pole star. It is situated 
directly N. of Auriga and the head of the Lynx, and occupies 
nearly all the space between these and the pole. It contains 58 
small stars ; the five largest of which are only of the 4th mag- 
nitude. 

89. The principal star lies in the thigh, and is about 20^ from 
Capella, in a northerly direction. It marks the northern boun- 
dary of the temperate zone ; being less than one degree S. of 
the Arctic chicle. There are two other stars of the 4th magni- 
tude, near the right knee, 12*^ N. E. of the first mentioned. 
They may be known by their standing 1*^ apart and alone. 

The other stars in this constellation are too small, and too much scattered to inrite 
wserration. 

HISTORY. 

The Camelopard is so called f^om an animal of that name, peculiar to Ethiopia. This 
A&inial resembles both the camel and the leopard. Its body is spotted like that of the 
<^pard. Its neck is about seven feet long, its fore and hind legs from the hoof to tue 
i^'ond Joint, are nearly of the same length ; but from the second joint of the legs to the 
^y, the fore legs are so long in comparison with the hind ones, that no person could si*. 
^VOQ Its back witliout instantly sliding off, as from a horse that stood up on bis hind feet.. 

TsuBConc Objbcts.— Alpha ? Beta? Cluster? Nebulae? 
JBI8. Origin of Camelopardalus? Situation and extent ? Number and siM of its ftan't 
*•• "Where is its prin ^ipal star ? The next two? How known ? 

^iBnoKT.'-'Any mythological story ? What said of tbn anim>U t 
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TELESCOPIC OBJECTS. 

1. a OaMsi opaxdau — A neat doublb stae between the hind feet of the animal, half was 
hetween a Pereei and 6 in the head of Auriga ; R. A. 4h. 19m. 28e. ; Dec N. 58* 88 8' 
AlHi white; B 83<, sapphire blue. 

S. Another close doubu atab, between the hind feet ; R. A. 4h. 27m. 18b. ; Dec N. 68* 
09*. A 6H, yeUow ; B. 73<, pale blue. 

8. A Tery delicate dooblb stab hi the anhnal's hind hoof; R. A. 4h. 44m. SSs. ; Dec. N 
58* 29' 8*. A 5; white ; B 18, orange. 

4. A fine doublb stab in the lower part of the back of the neck ; R. A. 43i. 46m. 19a. 
Dec. N. 79* 01' 8*. A 53<, light yeUow ; B 9, pale blue. 

5. A brigfal rLAacTABT imoLA, of a bluiah white tint, about 50* In diameter, in the 
lind flank of the animal, R. A. 4h. 58m. 298. Dec N. 60* 28* 5*. A oariooa body, in », 
rich field of imall atara. 



CHAPTER IV. 

C0NST8LLATI0NS ON THE MERIDIAN IN FEBRUARY. 

THE LYNX.— MAPS HI. AND VI. 

^0. This constellation, like that of the Camelopard, exhibits 
hi very interesting features by which it can be distinguished. It 
co.4tains only a moderate number of inferior stars, scattered 
over a large space N. of Gemini, and between Auriga and Ursa 
Major. 

91. The whole number of stars in this constellation is 44, 
including only three that are so large as the 3d magnitude. 
The largest of these, near the mouth, is in the solstitial colure, 
14^° N. of Menkalina, in the B. shoulder of Auriga. The other 
two principal stars are in the brush of the tail, 3^° S. W. of 
another star of the same brightness in the mouth of the Lesser 
Lion, with which it makes a small triangle. Its centre is oo 
the meridian at 9 o'clock on the 23d, or at half-past 7 on the 1st 
of February. 

TELESCOPIC OBJECTS. 

1. A dose DOUBUE star, in the nose of the Lynx ; R. A. 6h. 07m. 61s. ; Dee. N. 69* 25' 8* 
About 80' from the Pole star, on a line toward Sirius. A 6, and B 73^, both white. An 
elegant bat difficult object 

2. A e.^se doublb star in the eye of the Lynx, between Dubhi and Capella; R. A. 8h 
88m. 578. ; Dec. N. 69" 87' 6'. A 5^, golden yellow ; B 7, purple. A delicate and pretty 
object. 

8. A coarse triple star on the animal's lower Jaw ; R. A. 6h. 12m. 608. ; Dec. N. 66* 
S9' T. A. A, orange tinge ; B 18, blue ; and 9, pale garnet. 

4. A RODMO NBBULA, In the Lynx, or fore paws of Leo Minor ; R. A. 9h. 14m. 82a. 
Dec. N. 86* 11' 9*. It is pale white, sparkling in the centre. 



Tklbsoopio Objects.— Alpha ? What other double stars f Nebula f 
90. Describe the Lynx f Situation ? 91. Number and size of its atari t Wh«r« Is tiif 
Unrest situated? The oth«r two principal stars? 
TMUeoomc Ombots.— What double stars T Triple? Nebula 
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TELESCOPIUM HERSCHELLII (hirsohkl's nusoopiX— 
MAP in. 

92. About midway between the body of the Lynx and Oenuni, 
may be seen the rude figure of a refracting Telescope, with itn 
stand. It was made out of a few unformed stars, by Abb6 
Hell, in honor of Sir William Herschel, but is now generally 
discarded. It is reta. ued on the map more as a matter of history 
than to perpetuate it as a constellation. 

GEMINI (the twins).— MAP 111. 

93. This constellation represents, in a sitting j>osture, the twin 
brothers, Castor and Pollux. It is the third sign, but fourth 
constellation in the order of the Zodiac, and is situated south of 
the Lynx, between Cancer on the east, and Taurus on the west. 

94. The plane of the Ecliptic passes through the centre of 
Gemini ; and as the earth moves round in her orbit from the first 
point of Aries to the same point again, the sun, in the mean- 
time, will appear to move through the opposite signs, or those which 
are situated right over against the earth, on the other side of her 
orbit. Accordingly, if we could see the stars as the sun appeared 
to move by them, we should see it passing over the constellation 
Gemini between the 21st of June and the 23d of July; but we 
lieldom see more than a small part of any constellation through 
which the sun is then passing, because thr feeble lustre of the 
stars is obscured by the superior effulgence of the sun. 

When the sun is juBt entering the ontllnes of a constellation eastward, its eastern limit 
mar be seen in the evening tM iUght, just above the setting sun. So when the sun has 
vrfved at the eastern limit of a constellation, the western i)art of it may be seen rising 
In the morning twilight, just before the rising sun. Under other circumstances, when 
the sun is said to be in. or to enter, a ]»articular constellation, it is to be understood that 
that constellation is noi ihen visible, but that those o]>iHisite to it are. For example : 
whatever constellation sots with the sun on any dav, it is itlain that the one opposite to 
^It must be then rising, and continue visible thmugh the night Also, whatever constel« 
lation rises ftnd sets with the sun to-day, will, six months hence, rise at sun-setting, and 
set at sun-rising. For example: the sun is in the centre of Gemini about the 6th of July, 
and must rise and set with it on that day; consequently, six months from that time, or 
about the 4th of January, it will rise in the east, iust when the sun is setting in thi) 
west, and will come to the meridian at midnight ; being then exactly opposite the sun. 
.\nd as the stni-s gain ui»on the sun at the rate of two hours every month, it follows thi*.f 
tJie centre of this constellation will, on the 17th of February, come to the meridian throo 
tiours earlier, or at 9 o'clock in the evening. 

llie sun is in the vernal equinox about the 21st of March, from M-hence it advances 



92. What said of Herschel's *roleBcope? Whv perpetuated on the map? 98. How Is 
llecini represented ? Its order in the signs, <&c ? Situation ? 94 How with respect 
.. t''o Ecliptic? What result from this hcti What remai'ks retpeotUkg the sun and 
f iiMLvtlonat 
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ihrooilh one ilcn or constellation every raoceeding m)nth tbereaf*erj and tl^t eaoL 
9(m§MlaUon U one month in advance of the 9iffn of that name: wherefore, reok-^a 
Piseet in March, Ariet in April, Taurus in May, and Glemini in June, Ac^ beginning wttk 
lach constellation at the 31st, or 22d of the month. 

95. Gomini contains 85 stars, including two of the 2d, three 
of the 3d, and six of the 4th magnitudes. It is readily recog^ 
Dized bj means of the two principal stars, Castor and FoUux, 
of the 1st and 2d magnitades, in the heads of the Twins, aboat 
4^*^ apart. 

There being .only 11 minutes* dilTerenee tn the transit of these two stars over the merl- 
(!ian, they may both be considered as ouhninating at 9 o'clock about the 84th of Fcbm* 
ary. Oietor, in the head of Castor, is a star of the 1st magnitude, 4}i* N. W. of PoU 
ux, and is the northernmost and the brightest of the two. FolhuB is a star of the Sd 
magnitude, in the head of Pollux, and is 4)<* & B. of Castor. This is one of the start 
from which the moon*s distance is calculated in the Nautical Almanac 

^* Of the famed Ledean pair, 

One most illustrious star adorns their sign. 
And of the second order shine twin lights." 

96. The relative magnitade or brightness of these stars has 
undergone considerable changes at different periods ; whence it 
has been conjectured bj various, astronomers that Pollux must 
vary from the 1st to the 3d magnitude. But Herschd, who 
observed these stars for a period of 25 years, ascribes the varia- 
tion to Castor, which he found to consist of two stars, very 
close together, the less revolving about the larger once in 342 
years and two months. 

Bradley and Hitslcelyne found that the line Joining the two stars which form Castor 
was, at all times of the year, parallel to the line Joining Castor and PoUnz ] and that 
both of the former move around a common centre between them, in orbits nearly circu- 
lar, as two balls attached to a rod would do, if suq>ended by a string i^&zod to the cen- 
tre of gravity between them. 

** These men,** says Dr. Bowditch, ** were endowed with a sharpness of vision, and a 
power of penetrating into space, almost unexampled in the history of astronomy.** 

9t. About 20*^ S. W. of Castor and Pollux, and m a line 
nearly parallel with them, is a row of stars 3° or 4*^ apart, 
chiefly of the 3d and 4th magnitudes, which distinguish the feet 
of the Twins. The brightest of these is Alhena, in Pollux's 
upper foot ; the next small star S. of it, is in his other foot ; 
the two upper stars in the line next above Gamma, mark Cas- 
tor's feet. 

This row of feet is nearly two-thirds of the distance ftom Pollux to Betelguese tn Onon, 
and a line connecting them will pass through Alhena, the principal star in the feet. 
About two thirds of the distance from the two in the head to those in the feet, and nearly 
parall^ with thera, there is another row of three stars about 6* apart, which marh tho 
kuees. 

96. Number of stars In Gleminif Magnitudes? How recognise tliis constellaUon f 
What said of the culmination of Castor, and of Pollux? H, Are they variable? What 
Aid Bxadley and Maslcelyne ascertain? Remaric of Bowditch? 97. What constitute 
Viifj/tei of Gemini ? Alhena ? How situated ? What uiark the hneeg f 
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98. There are, iu this constellation, two other remark ^olts 
parallel rows, lying at right angles with the former ; one, lead- 
ing from the head to the foot of Castor, the brightest star being 
in the middle, and in the knee ; the other, leading from the 
head to the foot of Pollux, the brightest star, called Wasat, 
being in the body, and Zeta, next below it, in the knee. 

Wasat is in the ecliptic, and rery near the center of ttie eonsiellation. Tt^ two •t^:a, 
Mu and T^at, in the northern foot, are also rerj n^tar the ecliptic ; Tcjat is a small stat 
of between the 4th and 5th magnitudes, 3* W. of Ho, and deserves to be noticed because 
It marlcs the spot of the summer solstice, in the tropic of Cancer, Just where the sun is ou 
the longest day of the year, and is, moreorer, the dividing limit between the torrid and 
the N. temperate zone. 

PrapuSy also in the ecliptic, SH* W. of Tejat, is a sUr of only the 5th magnitude, b«t 
rendered memorable as being the star which served for many years to determine the 
l>osition of the planet Uerschel, after iU first discovery. 

mSTORT. 

Castor and PoHox were twin brothers, sons of Jupiter, by Leda, the wife of Tyndarus, 
king of Sparta. The manner of their birth was very singular. They were educated at 
Pallena, and afterwards embarkecl with Jason in the celebrated contest for the golden 
fleece, at Colchis; on which occasion they behaved with unparalleled courage and 
bravery. Pollux distinguished himself by his achievements in arms and personal 
prowess, and Castof in equestrian exercises and the management of horses ; whence they 
are represented, in the temples of Greece, on white horses, armed with spears, riding 
side by side, their heads crowned with 9kpetasus^ on whose top glitters a star. Among 
^e ancients, and especially among the Romans, there prevailed a superstition tliat 
Castor and Pollux often appeared at the head of their armies, and led on their troops to 
battle and to victory. 

** Castor and Pollux, first in martial force. 
One bold on foot, and one renown*d for horse. 
Fair Leila's twins in time to stars decreed, 
One fought on foot, one curbM the fiery steed." — VirgIL 
** Castor alert to tame the foaming steed. 
And Pollux strong to deal the manly deed.**— Jfartio/. 
The brothers cleared the Hellespont and the neighboring seas firom pirates after then 
return from Colchis ; from which circumstance they have ever since been regarded as 
the friends and protectors of navigation. In the Argonautic expedition during a violent 
storm, it is said two flames of fire were seen to play around their heads, and immediately 
the tempest ceased, and the sea was calm. From this circumstance, the sailors inferred, 
that whenever both fires appeared in the sky, it would be fair weather ; but when only 
one appeared, there would be storms. 

St. Paul, after being wrecked on the island of Melita, embarked for Rome "in a ship 
Vhose sign was Castor and Pollux;''* so formed, no doubt, in accordance with the popu- 
lar belief thai these divinities presided over the science and safety of navigation. 

They were initiated into the sacred mysteries of Cabiri, and into those of Ceres at 
Kleusis. They were invited to a feast at which Lynceus and Idas were goinf to celebrate 
their nuptials with Phoebe and Telaria, the daughters of Leucippus, brother to Tyndarus. 
"Hiey became enamored of the daughters, who were about to be married, and resolved to 
supplant their rivals: a battle ensued, in which Castor killed Lynceus, and was himself 
killed by Idas. Pollux revenged tlie death of his brother by killing Idas ; but being him- 
lelf immortal and most tenderly attached to his deceased brother, he was unwilling to 
survive him; he therefore entreated Jupiter to restore him to life, or to be deprived him* 
■elfofimmortiUity; wherefore, Jupiter permitted Castor, who liad been slain, tc share 
the immortality of Pollux; and consequently as long as the one was upr.n earth, so It ng 
WAS the other detained in the infernal regions, and they alternately lived and died every 
iay. Jupiter also further rewarded their fraternal attachment by changing them both 

98. What other remarkable rows of stars in Gemini ? Situation of WawUf Qt Tejatt 
Otpfopusr , 

nuwoBT.— Myth of the parentage of Ckmini ? Their achievements ? Roman lupei ^tl- 
^r, f That of sailors ? Allusion of St. Paul ? Stoi y of the fatal wedding ? 
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Into a cooftelUtioD under the name of GemMt Twins^ which, It In tArtingtis pretonVid^ 
MTer appear tofetber, but when one rises the other sets, a&d so on, alternately. 
»» By turLS they visit this ethereal sky, 

And lire alternate, and alternate die."— Hbm^. 
4^ Pollnx, cflering his alternate life. 
Could free his brother, and could daily go 
By tarns aloft, by turns descend below."— VirQiL 

Oaslor and P<^ax were worshfoed both by the Greeks and Romans, who saeriflceil 
white lambs upon their altars. In the Hebrew Zodiac, the constellation of the TwiM 
refers to the tribe of Bex^amin. 

TELESCOPIC OBJECTS. 

1. a Gkminorum {C(utory—A neat docbli star ; K. A. 7h. 24ui. SSs.; Dec. N. 83* 14'* 
A 8. bright white; B 83^, pale white; with a third star of the 11th magnitude about 73* 
distant. A Binary System, with a probable period of 282 years. A beautiful object, and 
easily found. Map VIU., Fig. 4. 

2. /? GKMUfORUM --A QUADKUPLi STAR In the eye of Pollux, R. A. 7h. 86m. 81g. ; Dec 
N. 28* 25' 4*. A 2, orange tinge ; B 12, ash-colored ; G 11, pale violet, with anothei 
minute companion risible with tue best instruments. 

8. y GuiuiORUM {Alhena)^A coarse triplb star, in the right foot of Pollux*. R. A. 
6h. 2Sm. 2Ss. ; Dec. N. 16' 81' 8'. ; A 8, brilliant white; B 18, and C 12, both pale plum 
color. It is on a line from Rigel to (3 Geminorum, and nearest the former. 

4. d Gbmimorum (W(Mat}—A doublb star on the right hip of Pollux; R. A. 7h. 10m. 
84s. ; Dec. N. 22" 16' 8'. A BHj pale white ; B 9, purple. 

ft. e Gbminordm (MeJ/uctdy—k star with a distant companion, on Castor's right kneei 
R. A. 6h. 84m. 05s. ; Dec. N. 25' 16' 9'. A 8, white ; B 9)$, cerulean blue. 

6. ^ Gbminorum — A coarse triplr star on the right knee of Pollux ; R. A. ^. him, 378. ; 
Dec. N. 20* 47' 9*. A 4, pale topax ; B 8, violet ; C 18, grey. 

7. A clustbr, near the right foot of Castor ; R. A. 5h. 59m. 01s. ; Dec. N. 24* 21' 8*. A 
gorgeous field of stars from the 9th to the lOth magnitudes. 

8. A CLUSTBR in the calf of Pollux's right leg; K. A. 6h. 45m. 66s.; Dec. N. 18* lU' 5'. 
A faint angular group of extremely small stars, in a rich region, but seen with difficulty. 
See Map VIII., Fig. 85. 

9. A coMPRBSSBn CLUSTER uudcr the left shoulder of Pollux ; one-third the distance 
from /9 Geminorum, to ^ Canis Minoris ; R. A. 7h. 28m. 578. ; Dec. N. 21* 65' 7*. A 
Caint ohject about 12 in diameter, with a small star near the centre. Map VUL, Fig. 86. 

OANIS MINOR (thb little dog).— MAP III. 

99. This small constellation is situated aboat 5° N. of the equj- 
aoctial, and midway between Canis Major and the Twins. It 
contains 14 stars, of which two are very brilliant. The brightest 
star is called Procyon, It is of the 1st magnitude, and is abont 
4° S. E. of the n'^xt brightest, marked Goindza^ which is of the 
3d magnitude. These two stars resemble the two in the head 
of the Twins. Procyon, in the Little Dog, is 23° S. of Pollux 
i\\ Gemini, and Gomelza is about the same distance S. of Castor. 

100. A great number of geometrical figures may be formed 
of the principal stars in the vicinity of the Little Dog. * For 
example : Procyon is 23"* S. of Pollux, and 26° E. of Betel- 

Trlbsoopio Objbcts.— Alpha? Betat Gamma? Delta, Ac? Clusters? Whicb 
4kown on the map ? 

99. Where is Canis Minor situated ? Number of stars ? Name of brightest ? Mag* 
litude? Next brightest? What do these two resemble? 100. What said of geome 
rical figures? Of the name Procyon f Its import? * 



Digitized by Google 



CAMS MINOR. 67 

gaese, and forms with them a large right-angled irianglo 
Again, Procyon is equi-distant from Betelgaese and Sirius, and 
forms with them an equilateral triangle whose sides are each 
about 26°. If a straight line, connecting Procyon and Sirius, 
be produced 23° farther, it will point out Phaet, in the Dure. 

ProcyoQ is often taken for the name of the Little Dog, or for ^e whole constellation, 
09 Sirias is for the greater one ; hence it is common to refer to either of these eonstel^ 
lations by the name of its principal star. Procyon comes to the meridian 08 minutr^ 
after Sirius, on the 24th of Febroary ; although it rises, in this UUtude, about half aa 
hour h«Jbre it. For this reason, it was called Procyoi^ from two Greek words which 
ia%saSj (Ante OcMis) ** before the dog." 

mSTORT. 

The Little Dog, according to Greek fable, is one of Orion's hoonds. Some suppose it 
refers to the Ef^tlan god Anubis, which was represented with a dog's head ; others to 
Diana, the goddess of hunting ; and others, that it is the faith ftil dog M»ra, which 
belonged to Icanis, and discovered to his daughter Krigone the place of his bariaU 
Others, again, say it is one of Actseon's hounds that deroured their master, after IMaua 
had transformed him into a stag, to prevent, as she said, his betraying her. 

** This said, the man began to disappear 
By slow degrees, and ended in a deer. 
TransformM at length, he flies away in haste, 
And wonders why he flies so fo&t 
But as by chance, witiim a neighb'ring brook. 
He saw his branching horns, and lUter'd look. 
Wretched Acteon ! in a dolefbl tone 
He tried to speak, but only gave a groan ; 
And as he wept, within the watery glass. 
He saw the big round drops, with silent paoe, 
Run trickling down a savage, hairy face. 
What should he do ? or seek his old abodes. 
Or herd among the deer, and skulk in woods f 
As he thus ponders, he behind him spies 
His opening hounds, and now he hears their cries. 
From shouting men, and horns, and dogs he flies. 
When now tlie fleetest of the pack that press'd 
Close at his heels, and sprung before the rest, 
Had fastened on him, straight another pair 
Hung on his wounded side, tind held him there, 
Till idl the pack came up, and every hound 
Tore the sad huntsman groveling on the gronnd." 
It is not difficult to deduce the moral of this fable. The selfishness and caprice of 
Inuum friendship Airnish daily illustrations of it. While the good man, the philanthro- 
pist, or the public benefactor, is in affluent circumstances, and, with a heart to devise, 
has the power to minister blessings to his numerous beneficiaries, his virtues are the 
Ce&eral theme ; but when adverse storms have changed the ability, though they could 
Qot shake the will of their benefactor, he is straightway pursued, like Actsdon, by his own 
hounds; and, like Actsson, he is ^^tom to the ground" by the fangs that fed upon his 
bounty. 

It is most probable, however, that the E^^yptians were the inventors of this eon- 
ftsUation and as it always rises a little before the Dog Star, which, at a particular 
K<uoD, the J so much dreaded, it is properly represented as a little watchful crea* 
^rs. giving noti^ like a faithful sentinel of the other's approach. 

TELESCOPIC OBJECTS. 
1. a GAUM Mwoius (Prooyony-k bright star in the loins of the Jog with a distan 
ompawon i R. A. 7h. 80m. 658 ; Dec. N. 6' 87' 8'. A IH, yeUowish white ; B 8, orange 
^t. beveral smaU stars in the field. 

Bistort. ^What is the Little Dog supposed to represent? Fable of Actseonf I*i 

Moral ' Who probably invented this constellation ? To represent what Y 
TE1.KSC0PIC Objects.— Alpha ? Betat Double start Triple? 
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1. Cawis MmoKts {GomsUay^A wide triplb stab In theneck ; R. A. Tta. ISm, Ms 
Dec. N. 8' 86' 4*. A 8, white ; B 12, orunge ; C 10, flusbed^the la«( coarsely double witfc 
one of the tame magnitude. Other stars in the field. 

8. A close DOVBLM BTAR, In a flue vicinity in the loins ; R. A. 7h. 81m. 87s. ; Deo. N. ST 
85' 7*. A 7, white ; B 8, ash-colored, with a minute blue star 2' distant 

4. A wiDB TRIPLB STAR, 0* S. E. of Procyou ; R. A. 7b. 60m. 08s. ; Dec. N. 8' 88' 8". A 
I, pale white ; B 8| bluish ; C 9, blue. 



MONOOEROS (THE TJNiooBN).— MAP m. 

101. This is a modern constollatioo, made out of the unformed 
stars of the ancients that lay scattered over a large space oi 
the heavens between the two Dogs. It extends a considerable 
distance on each side of the equinoctial, and its centre is on the 
same meridian with Procyon. 

102. It contains 31 small stars, of which the seven principd 
ones are of only the 4th magnitude. Three of these are situ- 
ated in the head, 3° or 4° apart, forming a straight line N. E. 
and S. W. about 9"" E. of Betelguese in Orion^s shoulder, and 
about the same distance S. of Albena in the foot of the twins. 

The remaining stars in this constellation are scattered over a 
large space, and being very small, are unworthy of particular 
notice. 

HISTORY. 

The Monocerofl is a ipecies of the Unicorn or Rhinoceros. It is about the stee of a 
horse, with one white horn growing out of the middle of its forehead. It is said to exist 
In the wilds of Ethiopia, and to be very formidable. 

Naturalists say that, when pursued by the hunters, it precipitates itself from the 
tops of the highest rocks, and pitches upon its horn, which sustains the whole force of 
its fall, so that it receives no damage thereby. Sparmann informs us, that the figure of 
the unicorn, described by some of the ancients, has been found delineated on the surfacA 
of a rock in Caffk-aria ; and thence coi\|ectures that such an animal, instead of being 
fa^utouSf as some suppose, did once actually exist in Africa. Lobo affirms that he hat 
seen it. 

The rhinoceros^ which is akin to it, is found in Bengal, Siam, Oochin China, part of 
China Proper, and the isles of Java and Sumatra. 

TELESCOPIC OBJECTS. 

1. A most delicate doublb star (f)^ in the Unicornis eye ; R. A. ^. 26m. 06s. ; Dec M. 
r* 41' 05*. A 6, yeUowish white : B 16, dusky. A difficult object. 

2. A neat doublb star (&), in the nostril, 7^* east of Bet€igue9e\ R. A. 6h. 15m. 17s.; 
Dec. N. 4* 40' 01'. A 5)^ , golden yellow ; B 8, lUac. 

8. A fine tmplb star in the right fore-leg; R. A. 6h. 21m. 04s. ; Dec. 8. 6" 66' 01*. A 
6)i, white; B 7, and G 8, both pale white. A ray shot from the BulPs eye through Bella- 
trix, and rather more than as far again, will pick it up. Supposed by Herschel to be a 
triple system^ periods A B 17,000 ys. B C 1000. Shown double only on the map of 
the constellations. Telescopic view. Map VIII., Fig. 5. 

4. A delicate triplk star, in a magnificent stellar field, between the Unicorn's ears • 
R. A. 6h. 82m. lOs. ; Dec. N. 10* 02' 02'. One-third the distance from Procyon to AUU- 
harati. A 6, gree*:i8h ; B 9^, pale grey ; C 15, blue. A fine object. 



101. Character and situation of Monoceros? Extent? 102. Number and siie of ii* 
star? * How three of the largest situated? 
HiSTorv. — What said of the animal itself? Is it not wholly fabulous > 
Tifiusoapic OBJBCTS.~Double stars ? Triple ? Any shown on the ma|^? 
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OANIS MAJOR (the great doo).— MAP m. 

103. This interesting constellation is situated sooth ward and 
tastward of Orion, and is nniversally known by the brilliance 
of its principal star, Sirius, which is apparently the largest and 
brightest in the heavens. It glows in the winter hemisphere with 
a lustre which is unequaled by any other star in the firmament. 
Its distance from the earth, though computed at 20 millions 
of millions of miles, is supposed to be less than that of any other 
star : a distance, however, so great that a cannon ball, which 
flies at the rate of 19 miles a minute, would be two millions of 
years in passing over the mighty interval ; while sound, moving 
at1;he rate of 13 miles a minute, would reach Sirius in little less 
than three millions of years. 

It may be shown in the same manner, that a ray of li^t, which occupies only 8 rainutet 
aDd IS seconds in coming to us from the sun, which is at the rate of nearly two hundred 
thousand miles a second, would be 8 years and 82 days in passing through the vast space 
that lies between Sirius and the earth. Consequently, were it blotted from the heavens, 
its light would continue visible to us for a period of 8 years and 88 day^ after it bad 
seased to be. 

If the nearest stars give such astonishing results, what shall we say of those which are 
situated a thouisand times as far beyond these, as these are fi-om us ? 

104. In the remote ages of the world, when every man was 
his own astronomer, the rising and setting of Sirius, or the Dog 
Star, as it is called, was watched with deep and various solici- 
tude. The ancient Thebans, who first cultivated astronomy in 
^Sypt, determined the length of the year by the number of its 
risings. The Egyptians watched its rising with mingled appre- 
hensions of hope and fear ; as it was ominous to them of agri- 
cultural prosperity or blighting drought. It foretold to them 
the rising of the Nile, which they called Siris^ and admonished 
them when to sow. 

105. The Romans were accustomed yearly to sacrifice a dog 
to Sirius, to render him propitious in his influence upon their 
ierds and fields. Th<5 eastern nations generally believed the 
rising of Sirius would be productive of great heat on the earth. 

^fii Virgil:— 

" Turn steriles exurere Sirius agros ; 

Ardebant herbae, et victum seges i^ra negabat.** 

" Parched was the grass, and blighted was the com: 

Nor *scape the beasts ; for Sirius from oh high, 
With pestilential heat infects the sky." 



^08. Situation of Canis Major ? How known ? Supposed distance of SirluA ? mnu- 
wated by the speed of a cannon ball ? Of light ? 104. How Was Sirius regarded by ^hi 
^ucients? Us« made of it by the Thebans? The Egyptians? 100. Practice of Uir 

louans? 

8* 
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106. Accordingly, to that season of the year when Sinus rose 
irith the sun and seemed to blend its own influence with tho 
heat of that luminary, the ancients gave the name of Dog-days^ 
\ Dies canicula:is.) At that remote period the Dog-days com- 
menced on the 4th of August, or four days after the summer 
solstice, and lasted forty days, or until the 14th of September. 
At present the dog-days begin on the 3d of July, and continue 
to the 11th of August, being one day less than the ancients 
reckoned. 

107. Hence, it is plain that the Dog-days of the moderns 
have no reference whatever to the rising of Sirius, or any other 
star, because the time of their rising is perpetually accelerated 
by the precession of the equinoxes : they have reference Uien 
only to the summer solstice, which never changes its position in 
respect to the seasons. 

The time of Sirias' rising Taries with the latitude of the i^ace, and in the same httitude, 
is sensibly changed after a course of years, on account of the precession of the eiquinoxes. 
This enables us to determine with approximate accuracy, the dates of many events of 
antiquity, which cannot be well determined by other records. We do not know, for 
.nstance, in what precise period of the world Hesiod flourished. Yet he tells us in his 
Opera et Diet^ lib. ii. v. 185, that Arcturus in his time rose heliacally, 60 days after the 
winter solstice, which then was in the 9th degree of Aquarius, or 89° beyond its present 
position. Now 89' : 5034* =2794 years shioe the time of Uesiod, which corresponds very 
nearly with history. 

108. When a star rose at sun-setting, or set at sun-rising, it 
was called the Achronical rising or setting. When a planet or 
star appeared above the horizon just before the sun, in the morn- 
ing, it was called the Heliacal rising of the star ; and when it 
sunk below the horizon immediately after the sun, in the evening, 
it was called the Heliacal setting. 

According to Ptolemy, stars of the^a* magnitude are seen rising and setting when the 
suu is IS* below the horison ; stars of the 2u magnitude require the sun's depression vo 
be 18* ; stars of the 8d magnitude, 14' , and so on, allowing one degree for each magni- 
tude. The rising and setting of the stars described in this way, since this mode of 
description often occurs in Uesiod, Virgil, Columella, Ovid, Pliny, Ac, are called pojU>ial 
riding and setting. They served to mark the times of religious ceremonies, the seasons 
allotted to the several departments of husbandry, and the overflowing of the Nile. 

109. The student may be perplexed to understand how the 
Dog Star, which he seldom sees till mid- winter, should be asso- 
ciated with the most fervid heat of summer. This is explained 
by considering that this star, in summer, is over our heads in 
tue daytime^ and in the lower hemisphere at night. As " thick 
the floor of heaven is inlaid with patines of bright gold," by day, 

106. Origin of the phrase Dog-da/y»t When did they begin in the time of Virgil? At 
vbat time now f 107. What inference from these facts ? What variation in the tim« 
of Sirius' rising ? What calculation by knowing the time when Sirius ro^e, at any period V 
7.0S. What are the Achronical and MeUacal ri«ing or setting of a star or planet f Be 
mark of Ptolemy in regard to rising and setung of the start ? 109. How is It thit 
9iriua a winter star, is associated with the heat of summer f 
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US by n^bt ; bot on account d ibe raperior splendor of ibe aim, 
ve cannot see them. 

110 Sirius is situated nearly S. of Albena, in tbe feet of tbo 
Twins, and aboat as far S. of tbe equinoctial as Albena is N. 
of it. It is about 10"" £. of the Hare, and 26'' S. of Betel- 
gnese in Orion, with which it forms a large equilateral triangle. 
It also forms a similar triangle with Phaet in the Dore, and 
Naos in the Ship. These two triangles being joined at their 
vertex in Sirius, present the figure of an enormous X, called by 
some, the Ggtptian X. Sirius is also pointed out by the direc- 
tion of tbe Three Stars in the belt of Orion. Itn distance from 
tbem is about 23^. It comes to the meridian at 9 o'clock on 
the 11th of February. 

111. JMirzam, in the foot of the Bog, is a star of the 2d mag- 
nitude, 5^"" W. of Sirius. A little above, and 4^ or 5° to the 
left, there are three stars of the 3d and 4th magnitudes, forming 
a triangular figure somewhat resembling a dog's head. The 
brightest of them, on the left, is called Muliphen. It entirely 
disappeared in 16*70, and was not seen again for more than 20 
years. Since that time it has maintained a steady lustre. 

112. Wesen is a star of between the 2d and 3d magnitudes, 
in the back, 11° S. S. E. of Sirius, with which, and Mirzam in 
the paw, it makes an elongated triangle. The two hinder feet 
are marked by Naos and Lambda, stars of the 3d and 4th 
magnitudes, situated about 3° apart, and 12° directly S. of the 
fore foot. This constellation contains 31 Tisible stars, including 
one of the 1st magnitude, four of the 2d, and two of the 3d ; 
ill of whicb are easily traced out by the aid of the map. 

mSTORT. 

ManOioB, a Latin poet who flourished in the Aofottan age, wrote an admirable yoen, 
>' ^Te bo<rici, upon the fixed sta'' % in which he thus speaks of this constellation : 
" All others he excels ; no fairer light 
Ascends the sliies, none sets so clear and brigfat." 

tow.' SuDOSA best describes it — 

•'Next shines the Dog with sixty-four distinct; 
Famed for pre-eminence in enried song, 
Theme of Homwic and Tirgilian lays ; 
His fierce mouth flames with dreaded Sirhu; 
Three of his stars retire with feeble beams." 
A^oi ]Lv to some mythologists, this constellation represents one of Orion*s bounds, 
ktkb vat. ) l4\ced in the sky, near this celebrated huntsman. Others say it received its 
Cine *n hon\ r of the dog given by Aurora to Cephalus, which surpassed in speed all the 

no. 8ltit\t»vX **t Sirius? What triangles? 111. Position ana sisc of Mirxamr 
ther start ^ Ofm-khen? 112. Wesen? What other stars ? Whole number? 
HmoiiV. — U .^Jft ^.assical description of Canis Major ? What different accounts of \tM 
ngm? 



Digitized by Google 



C2 ASTRONOMY. 

nn.malt of hif ifedM. Oephalot, it !• taidf attempted to prore this bj runaing Mu 
Rf »:D«t a fox, which, at that tim*;, wai thought to be the fleetest of all a limala. A(l«i 
they had ran togetlier a long time, without either of them obtaining the victory, it la 
•aid that Jupiter was so much gratified at the fle«tnea> of the dog, thai he assigned bin 
a place in the hearens. 

But the name and form of thia constenatlon are, no doubt, derived from the KKyP" 
tians, who careftUly watched its rising, and by it Judged of the swelling of the Nile, 
which they ca.ied Sir<«, and, in their hieroglyphical manner of writing, since it was, a« 
it were, tlte sentinel and watch of the year, represented it under the figure of a <kH( 
They observed that when Sirius became visible in the east. Just before the morning dawn, 
the overfiowing of the Nile immediately followed. Thus it warned thwn; like a iiaithAd 
dog, to escape from the region of the inundation. 

TELBSCOPIO OBJECTS. 

1, a Ckxn Majobis— A brilliant star, with a distant companion ; R. A. 6h. 88n\. Ote.; 
Oec 8. Ift" 8(X 1. A 1, brilliant white ; B 10, deep ytOlow, other distant small stars U 
ibe field. 

5. d Cakn Ruobis— a star with a disUnt companion in the loins ; R. A. Th. 01m. 53s. ; 
Dec, 8. 26* 08' 6'. A 8)i, light yeUow ; B IH, very pale. 0th v smaU stars in the field, 
A line fk>om B^Ulgufe through Siritu intercepU it 13* below the latter star. 

8. e Camis Majoris {Adhara)—k star with a distant companion in the belly ; R. A 
dli. &2m. SUs. Dec. 8. 28* 45' fi'. A 2)^, pale orange : B 7, violet. Found by running £ 
line from the middle of Orion's belt through fi Just west of 8irius, to about 14* beyond 
the latter star. 

4. A CLTOTXK in the back of the head ; R. A. 6h. 52m. IDs. ; Dec. 8. 18* 29' 2*. Tole- 
rably compressed ; stars of the 8th to 11th magnitudes, of which the four princi|Mi: 
form the letter T. 

6. A CLUiTBR between 8irius and Monoceros ; R. A. 7h. 10m. 85s. ; Dec. 8. 15* 21' 4* 
Stars principally of the 10th magnitude. Discovered by Miss Herschel in 1785. 



CHAPTER V. 

OONBTBLLATIONS ON THE MERIDIAN IN MARCH 

ARGO NAVIS (THE SHIP arqo).— MAP III. 

113. This constellation occupies a large space in the southero 
hemisphere, thongh bat a small part of it can be seen in the 
United States. It is situated S. E. of Canis Major, and may 
be known by the stars in the prow and deck of the ship. 

114. If a straight line joining Betelguese and Sirius, be pro- 
duced 18° to the southeast, it will point out Na4>s, a star of the 
2d magnitude, in the rowlock of the ship. This star is in the 
S. E. comer of the Egyptian X, and of the large equilateral 
triangle made by itself with Sirius and the Doye. When on the 
meridian, it is seen from this latitude about 8"^ above the soutli 

Tbuboopio Objkcts.— Alpha f Delta? Epsilonf What clusters? 
118. Rise and situation of Argo Navis? How kn'^wn? IZ4. Uow trad ?^a»«», »uii 
ahere situated Uow high when on the meridian* 
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mm horizon. It comes to the meridian on the dd of March, 
abont half an hour after Frocjon, and continues visible but a 
few hours. 

115. Garnma, in the middle of the ship, is a star of the 2d 
map^nitude, about 7° S. of Naos, and just skims above the south- 
ern horizon for a few minutes, and then sinks- beneath it. The 
pruieipal star in this constellation is called, after one of the 
pilots, Canopus; it is of the 1st magnitude, 86° nearly S. of 
8irius, and comes to the meridian 17 minutes after it ; but hav- 
ing abont 53*^ of S. declination, it cannot be seen in the Northeni 
Stateo. The same is true of Miaplacidus, a star of the Ist ma(rni- 
tude in the oars of the ship, about 26° E. of Canopus, and 61** 
S. of Alphard, in the heart of Hydra. 

An observer in the northern hemisphere, CAn see the itArs as manj degrees sonth of 
thu equinoctial in the southern hemisphere, as tiis own latitude lacks of 90', and n* 
more. 

116. Markeby is a star of the 4th magnitude, in the prow of 
the ship, and may be seen from this latitude 16° S. E. of Sirius, 
and about 10° E. of Wesen, in the back of the Dog. This star 
may be known by its forming a small triangle with two others 
of the same magnitude, situated a little above it, on the B., 3° 
and 4° apart. 

lit. This constellation contains 64 stars, of which two aro 
oi the 1st magnitude, four of the 2d, and nine of the 3d. Most 
of these are too low down to be seen in the United States. 

HISTORY. 

This constellation is intended to perpetuate the memory of the famous ship which car* 
tied Jason and his 54 companions to Colchis, when they resolvvd upon the perUou4 
expedition of recovering the golden fleece. The derivation of the word Argo has been 
often disputed. Some derive it from Argos, supposing that this was the name of the 
person who first proposed the expedition, and built the ship. Others maintain that it 
Was built at Argos, whence its name. Cicero calls it Argo, because it carried Orecians, 
^mmonly called Argives. Diodorus derives the word from dpyb-:, which signifies «u^. 
Ptolemy says, but not truly, that Hercules built the ship, and called it Argo, after a son 
0. Jason, who bore the same name. This ship had fiftv oars, and being thus propelled 
must have fallen fiar short of the bulk of the smallest ship craft used by modems. It is 
even said that the crew were able to carry it on their backs from the Danube to the 
Adriatic. 

According to many authors, she had a beam on her prow, cut in the forest of Dodona 
«y Minerva, which had the power of giving oracles to the Argonauts. This ship was the 
vst, it is said, that ever ventured on the sea. After the expedition was finished, and 
Jason had returned in triumph, he ordered her to be drawn ashore at th^ isthmus of 
Corinth, and consecrated to Neptune, the god of the sea. 

Sir Isaac Kewton endeavors to settle the period of this expedition at about 80 yeais 

115. ^ixe and situation of Gamma? Name the principal star in this constellation t 
^ts magnitude? Is it ever seen in the U. 8.? What said of Miaplacidus? Remark in 
fine print? 116. Whai said of Markeb? How known? lit. Number of stars in 
Argo Na vis ? Magnitudes ? 

Hi»iOkr.~-1>esign of th's constellation? Import of the term Argot Size and utrvu- 
Uire of the ship? What myth respecting this ship? What remark rei9>ectiiiK Mil 
^»a&c Newton ? Dr. Brya it*s opinion ? 
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^lore the deitruction of Troy, and 48 jrears after the death of SoloiLon. Ita*. Brjrfciit 
however, rejects the history of the Argonautic expedition as a mere fiction of the GreekJ« 
and bupposes that this group of stars, which the poets denominate Argo Narls, refers to 
Noah's ark and the deluge, and that the fable of the Argonautic expedition is founded 
on cei ^ain Egyptian traditions that related to the preservation of Noah and his family 
dorini the flood. 

TELESCOPIC OBJECTS. . 

«, Aroo Nat is— a star with a distant companion: R. A. Sh. 00m. 440.; D«o. B. S8* 
90' 8*. A 8 Hi pa*e yellow ; B 10, greyish. Other small stars in the field. 

5. A SMALL OALAXT CLUSTKB ; R. A. Th. 87m. 448 ; Dec S. 88' 29' 1*. 

a. A neat doubli star over the ship's stem ; R. A. 7h. 9Sm, OSs. ; Dec. 8. 14* 18* 6*. 
A 7, silvery white ; B 7H, pale white. 

4 A close DODBLK STAR over the Argo's stern ; R. A. Th. 40m. 37s. ; Dec. S. 11* 48' 8i* 
A TH, pale yellow ; B 9, light blue. 

6. A bright plakktart mkbula ; R. A. Th. 84m. 46s. ; Dec. S. 17* 50' 2'. A fine otde^^t, 
pale bluish white, and may be identified by several small stars in its vicinity. See Map 
VlIL, Fig. 87. 



OANOER (the CRAB).— map III- . 

118. Cancer is now the fifth constellation and fourth sign ot 
the Zodiac. It is situated in the ecliptic, between Leo on the 
E, and Gemini on the W. It contains 83 stars, of which one is 
of the 3d, and seven of the 4th magnitude. Some place the first- 
mentioned star in the same class with the other seven, and con- 
sider none larger than the 4th magnitude. 

119. Beta is a star of the 3d or 4th magnitude, in the south- 
western claw, 10"" N. E. of Procyon, and may be known from 
the fact that it stands alone, or at least has no star of the same 
magnitude near it. It is midway between Procyon and Acubens. 

120. AcubenSy is a star of similar brightness, in the south- 
eastern claw, 10° N. E. of Beta, and nearly in a straight line 
with it and Procyon. An imaginary line drawn from Capella 
through Pollux, will point out Acubens, at the .distance of 24^ 
from Pollux. It may be otherwise distinguished by its standing 
between two very small stars close by it in the same claw. 

121. The southern Asellus, marked Delta, is situated in the 
line of the ecliptic, and, in connection with Wasat and Tejat, 
marks the course of the earth's orbit for a space of 36° from 
the solstitial colure. 

A few degrees S. of Cancer, and abont 17* E. of Procyon, are fonr stars of the 4tb 
magnitude, 8° or 4* apart, which mark the head of Hydra. The rest of this oonstdlatio» 
Is delineated on Map IV. 

Tblbsgopio Objbcts.— Iota? What cluster? Double stars! Nebula? Point oat <m 
the map? 

118. Place of Canccv* in the Zodiac? In other respects? Number and siie of It' 
stars? 119. Beta? How known? 120. Acubens? How found? 121. SituatloB 
nt Delta? Remarks respecting Hydra? Respecting the sign Cancer? 
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The beginning of the Hgn Cancer (not the conBteUfttion; it caOed the Troptd o^ Ccm* 
Mr, and when the' sun arrives at this point, it has reached its utmost limit of north decli* 
nation, where it seems to remain stationary a few days before it begins to decline again 
to ttie south. This stationary attitude of the san is called the summer 9oUlice; from two 
Latin wurds signifying the «un*« standing stiil. The distance from the first point of 
Cancer to the equinoctial, which, at present, is 28* 27^', is called the obliquUy of ths 
ecliptic. It is a remarlcable and well ascertained fact, that this is contJnumlly groaing 
less and less. The'^ropics are slowly and steadily approaching the equinoctla!, at the 
rate of about half a second evtry year; so that ihe sun does not now come so far north 
of the f quator in summer, nor decline so far south in winter, as it must have done at tl.a 
ereatioa, by nearly a degree. 

HISTORY. 

In the Zodiacs of Esne and Dendera, and in most of the astrological remains of Egypt, 
A Scarabseus, or Beetle, is used as the symbol of this sign ; but in Sir William Jones* 
Oriental Zodiac, and in some others found in India, we meet with the figure of a crab. 
As the Hindoos, in all probability, derivv 1 their knowledge of the stars from the Chal- 
deans, it is sup^^^sed that the figure of the crab, in this place, is more ancient than the 
BeeUe. 

In some e9 9tem representations of this sign, two animals, like asses, are found in this 
division of t.e Zodiac; and as the Chaldaic name for the ass'may be translated muddi' 
A0M, it is supposed to allude to the discoloring of the Nile, which river was rising when 
the sun ente-ed Cancer. The Greeks, in copying this sign, have placed two asses as the 
appropriate iymt>ol of it, which stil remain. They explain their reason, however, for 
adopting this figure, by saying that these are the animals that assisted Jupiter in his 
victory over the giants. 

Dopuis ac<.ount8for the origin of the asses in the following words: — ^'^Le Cancer oo 
sont les ^toiles appellees les anes, forme I'empreinte du pa vUlon d' Issachar que Jacob 
assimile i Tane." 

Mytholog'sts give different accounts of the origin of this constellation. The prevaf. 
ing opinion .s, that while Hercules was engaged in his famous contest with the dreadful 
Lern»an monster, Juno, envious of the fame of his achievements, sent a sea-crab to 
bite and an*ioy the hero's feet, but the crab being soon dispatched, the goddess, to reward 
its servicea placed it among the constellations. 

" The Scorpion's claws here clasp a wide extent. 
And here the Crab's in lesser clasps are bent." 

TELESCOPIC OBJECTS. 

1. 6 Cahcu— A very delicate doublx star, under the Crab's month ; R. A. 8h. 8bau 
tSs. ; Dec. J. 18* 44' 04'. A .4X, straw color ; B 16 blue, only seen by gthnpses. 

2. e Cahcri — ^A star with a distant companion, on the Crab's body; R. A. 8h. 81m. 
i6s.; Dec. N. 20" 06' 02'. A 6^, and B 7, both pale white ; and a third star in the field 
of nearly v,he same magnitude. 

8. ^ Cahcri— A fine trbplb star, iust below the after daws of the Crab ; R. A. 8h. 08m. 
028. ; Dee N. 18' 07' 05'. A 6, yellow; B 7, orange tinge; C 7)6, yellowish. Supposed 
to be a Ternary system. 

4. Abort 7* northeastvly from Tegmine, Is a nebulous cluster of very minute stars, in 
the crest of Cancer, sufficiently luminous to be seen by the naked eye. It is situated in 
a triangular position with regard to the head of the Twins and the Little Dog. It is about 
20" W. of ^ach. It may otherwise be discovered by means of two conspicuous stars of 
the 4th magnitude, lying one on either side of it, at the distance of about 2", called the 
norUiem and amUhem AaeUi. Bj some of the Orientalists, this cluster was denominated 
PriMepe, Jhe Manger^ a contrivance which their fancy filled up for the accommodation 
cf the Aselli or A»8e9 ; and it is so called by modern astronomers. The appearance of 
^is group to the unassisted eye, is not unlike the nucleus of a comet, and it was repeat- 
edly mistaken for t!)e comet of 1S32, which, in the month of November, passed in its 
nelghbo''>>ood. Map VHI., Fig. 88. 

5. A P'CH BUT ixx>3B CLUSTER io the Crab's- southern claw, where a line from Rigel 
throngh Procyon, into the east-northeast, will find it about 5* north of e in the Hyades ; 
R. A. 8h. 42ra. 26s. ; Dec. N. 12' 23' 06*. Stars mostly of the 9th and lOtb magnitudes. 
See Map Vni., Fig. 89. 

Hbto-.*.— What other figures for Cancer? Egyptian? Hindoo? Greek? Orlrin o3 

TajwoopioOBJWJts.— Delta? RisUon? ZeAa? What Clusters? Point out on the Mar 
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CHAPTER Yl. 

OONSTCLLATIONS ON THE MERIDIAN IN APRIL. 

LEO (thb uon).— map IV. 

122. Leo is one of the most brilliant constellations in the 
winter hemisphere, and contains an unusual number of very 
bright stars. It is situated next B. of Cancer, and directly S. 
of Leo Minor and the Great Bear. 

The Hindoo Mtronomer, Varaha, tays, " Oertalnly the southern solstice was once In 
the middle of AOeha (Leo) ; the northern in the first degree of Dhaniakta''^ (Aqttariutt). 
Since that time, the solstitial, as well as the equinoctial points, have gone backward on 
the ecIipUc 75*. This divided bjr 503i', gives 5373 years ; which carry us back to the 
year of the world 464. Sir W. Jones says, that Varaha lived when the solstices were in 
the first degrees of Cancer and Capricorn ; or about 400 years before the Christian era. 

1 23. Leo is the fifth sign, and the sixth constellation of the 
Zodiac. The mean right ascension of this extensive group is 
150°, or 10 hours. Its center is therefore on the meridian the 
sixth of April. Its western outline, however, comes to the 
meridian on the 18th of March, while its eastern limit does not 
reach it before the 3d of May. 

This constellation contains 95 visible stars, of which one is 
of the 1st magnitude, one of the 2d, six of the 3d, and fifteen of 
the 4th. 

** One splendid star of highest dignity, 
One of the second class the Lion boasts, 
And Justly figures the fierce summer^s rage.*' 

124. The principal star in this constellation is of the 1st mag- 
nitude, situated in the breast of the animal, and named RegtUtu, 
from the illustrious Roman consul of that name. 

It is situated almost exactly in the eclfptic, and may be 
readily distinguished on account of its superior brilliancy. It is 
the largest and lowest of a group of five or six bright stars 
which form a figure somewhat resembling a sickle, in the neck 
and shoulder of the Lion. There is a little star of the 5th mag- 
Ditude, about 2° S. of it, and one of the 3d magnitude 5° N. of- 
it, which will serve to point it out. 

Great use is made of Regius by nautical men, for determining their longitude at Ma. 
Its latitude^ or distance from the ecliptic^ is less than H*; but its decUnaUony or dis- 
tance from the equinoctial^ is nearly 18° N. ; so that its meridian altitude will be just 

122. Describe Leo. Its situation ? What remarlcable statement of Varaha ? Oalcnla- 
ti«ms upon it? 123. Position of Leo in the Zodiac ? When on the meridian? Numbe* 
and pize of its stars ? 124. Its principal star? Situation? How distinguished? Wbui 
'i^t OiuUe of Regulus? Wbea on the meridian, where are Castor «nd Pollux? 
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oqoal to that or che sun on the 19th of Anffosl. Iti rifbt McendoB Is vtry nmtij 180*. 
It therefore culminates aboat 9 o*e1ock on the 6th of April. 

When RefTulas is on the meridian^ Castor and PoUtiz are seen aboot 40* M. W. of It, 
and the tvo stars in the Little Dog are aboot the same distance in a 8. W. direction: 
with which, and the two former, it makes a large isosceles triangle whose ?ertex is at 
Regnliu. 

125. The next considerable star is 5° N. of Regulus, market) 
Eta, situated in the collar ; it is of between the 8d and 4th 
ma^tudes, and with Regulus constitutes the handle of the 
sickle. Those three or four stars of the 3d magnitude, N. and 
W. of Eta, arching round with the neck of the animal, describe 
the blade. 

126. Al Gieba is a bright star of the 2d magnitude, situated 
in the shoulder, 4*^ in a N. E. direction from Eta, and may be 
easily distinguished by its being the brightest and middle one of 
the three stars lying in a semicircular form curving toward the 
west; and it is the first in the blade of the sickle. 

12*7. Adhafera is a star of the 3d magnitude, situated in the 
neck, 4° N. of Al Gieha^ and may be known by a very minute 
star just below it. This is the second star in the blade of the 
sickle. 

128. Ras al Asad^ situated before the ear, is a star of the 3d 
or 4th magnitude, 6° W. of Adhafera, and is the third in the 
blade of the sickle. The next star, Epsilouj of the same magni- 
tnde, situated in the head, is 2J° S. W. of Ras al Asad, and a 
little toithin the curve of the sickle. About midway between 
these, and a little to the E., is a very small star hardly visible 
to the naked eye. 

129. Lamhdaf situated in the mouth, is a star of the 4th 
magnitude, 3^° S. W. of Epsilon, and the last in the sickle'tf 
point. Kappa, situated in the nose, is another star of the same 
"■nagmtude, and about as far from Lambda as Epsilon. Epsilon 
and Kappa are about 4^° apart, and form the longest side of a 
triangle, whose vertex is in Kappa. 

130. Zozma, situated in the back of the Lion, is a star of the 
3d magnitude 18° N. E. of Regulus, and midway between it and 
Coma Berenices, a fine cluster of small stars, 18° N. E. of 
Zozma. 

131. Theta, situated in the thigh, is another star of the 3d 
''^agnitnde, 5° directly S. of Zozma, and so nearly on the same 
oaeridian that it culminates but one minute after it. This star 



, J*. Next principal star— size and position? 126. Al Ofeba? How known? 

'«. Adhafera? 128. Ras al Asad ? Epsilon? 129. Situation and sise of Lambda T 

"^ Kappa? :80. Of Zorma? 181. Of Theta? What triangle? What other stan 
'>e*>tiDUKd ? 



Digitized by Google 



bo A&TRONOMr. 

makes a right-anglod trianglA with Zozma on the N. and Dcn»> 
bola on the E., the right angle being at Theta. 

Nearly in a straight line with Zozma and Theta, nnd sonth 
of them, are three or fonr smaller stars, 4** or 5° apart, which 
mark one of the legs. 

132. DcTubola is a bright star of the first magnitade, in the 
brush of the tail, 10^ S. E. of Zozma, and may be distingaished 
by its great brilliancy. It is 5° W. of the equinoctial colure, 
and comes to the meridian 1 hour and 41 minutes after K^ulus, 
on the 3d of May ; when its meridian altitude is the same as 
the sun's at 12 o'clock the next day. 

When DeneboU it on the meridian, Regolos is seen 85* W. of it, and Phad, In the 
square of Ursa Major, bears 89* N. of it. It forms, with these two, a large right-ai^ed 
triangle ; the right angle being at Denebola. It is so nearly on the same meridian with 
Phad that it culminates only four minutes before it 

Denebola is 85}i' W. of Arctunis, and about the same distance N. W. cf Spica Vir- 
ginis, and forms, with them, a large equilateral triangle on the S. E. It also forms with 
Arctunis and Oor Carol! a similar figure, nearly as large on the N. E. These two 
triangles, being joined at their base, constitute a perfect geometrical figure of the fwrn 
of a Rhombus, called by some, the Diamond or Viaoo. 

A line drawn from Denebola through Regulus, and continued 7* or 8* farther in the 
same direction, will point out Xi and Omicrbn^ of the 8d and 4th magnitudes, situate*! 
In the foreclaws, and about 8* apart. 

There are a number of other stars of the 8d and 4th raagntWMioa ia this constellation, 
which require no description, as the scholar will easily trace them out from the map. 
The position of Regulus and Denebola are often referred to in the geography of Uio 
heavens, as they serve to point out other clusters !n the same neighborhood. 

HISTORY. 

According to Greek fable, this Lion represents the formidable animal which infested 
tno forests of Nemaea. It was slain by Hercules, and placed by Jupiter among the stars 
in commemoration of the dreadful conflict. Some writers have applied the story of the 
twelve labors of Hercules to the progress of the sun through the twelve signs of the 
ecliptic ; and as the combat of that celebrated hero with the Lion was bis first labor, 
they have plsced Leo as \h% first sign. The figure of the Lion was, however, on the 
Egyptian charts long before the invention of the fables of Hercules. It would seem, 
moreover, according to the fable itself, that Hercules, who represented the sun, actually 
slew the Nemaean Lion, because Leo was already a zodiacal sign. 

In hieroglyphical writing the Lion was an emblem of violence and ftirj; and the 
representation of this animal in the Zodiac, signified the intense heat occasioned by the 
sun when it entered that part of the ecliptic. The Egyptians were mnch annoyed by 
lions durfng the heat of summer, as they at that season left the desert, and haunted the 
banks ot the Nile, which had then reached its greatest elevation, ii was therefore 
natural for their astronomers to place the Lion where we find him in the Zodiac. 

The figure of Leo, very much as we now have it, is in all the Indian and Egyptiso 
Zodiacs. The overflowing of the Nile, which was regularly and anxiously expected every 
year by the Egyptians, took place when the sun was in this sign. They therefore paid 
more attention to it, it is to be presumed, than to any other. This was the principsl 
reason, Mr. Oreen supposes, why Leo stands first in the zodiacs of Dendera. 

In the Hebrew Zodiac, Leo is assigned to Judah, on whose standard, according to ri. 
traditions, a Lion is painted. This is clearly intimated in numerous passages of the 
Hebrew writings : Ex. — ^* Judah is a Lion's whelp ; he stooped down, he couched as s 

182. Size and position of Denebola? How known? When does it come to the meri 
dian as compared with Regulus ? What said of its meridian altitude ? When on the 
meridian where is Regulus seen ? Phad ? What triangle ? How ia Denebolo tituate<! 
with respect to Arctnros and Spica Yirginis ? To Cor Garoli ? What other large flgureg 

History.— Greek fable? Egyptian? Hebrew Zodiacs? Scripture alloalons to th« 
l*cn? 
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Uqb, ud ts an Oid Lioo ; who shaU roose him up?** Qw. sUsl 9. •*Tb« Uoo tt ttt 
Mbe of Jodah hath prevailed." Rev. t. 5. 

TSLBSCOPIO OBJECTS 

I. a Lmana (BefftUtui) — A bnght star with a distant companion ; R. A. th. 09in. (It. 
Dec. N. 12* 44' 08'. A 1, flushed white ; B 83<, pale purple. 

1 3 lM)ms (D&nsbola) — A flue star with a distant companion; R. A. llh. dOm. (Ml.: 
Itec. N. 15* 28' 0- . A 3 >!i , bluish ; B 8, duil red. 

8. 7 Lbonis {Al Oiebay—k splendid doublb stab; R. A. lOh. 11m. 08s. ; Dec. N. 90* 
SO" 0\ A 2, bright orange ; B 4, greenish yellow. A most beaatiftil ot^ect— blnao- 
period supposed about 1000 years. Map VIII., Fig. 6. 

4. 6 Lbonis {ZMma) — A coarse triplb stab; R. A. llh. 05m. 85e. ; Dec N. 91* 24' 1*. 
A 8, pale yellow ; B 18, blue ; G 9, violet. 

5. e Lbohis— A star with a distant companion in the mouth of Leo ; R. A. 9h. 80m. 46s ; 
Dec N. 24* 80' 6*. A 8, yellow ; B 10, pale grey. 

6. I Lbohis^A boiabt stab in the flank, 7* 8. W. of Denebola (V on map;; R. A. llh. 
15m. 85s. ; Dec. N. 11* 24' 6*. It forms a neat loalene triangle with /i and t^. A 4, pale 
yeUow ; B 73i , light blue ; a beautiful ot^ect. 

7. n Lbomis (Ra9 Al A8ad)—A oooblb stab; R. A. 9h. 48m. 89s. ; Dec. N. 20* 46' 5'. 
i 8, orange ; B 10, pale lilac. 

8. A neat doublb stab near Zozma ; R. A. llh. 05m. 17b.; Dec 21* 00' 8*. Component« 
both 7H, and both faint yellow ; a beauUful ol^ect. 

9. A BBioHT BBBULA near the hind paws ; R. A. lOh. 57m. 87s. ; Dee. N. 0* 49' 6*. Larg*, 
elongated, well-defined — an enormous maas of luminous matter— one of a VMt number 
of spherical nebulsB in the vicinity. 

10. A bicentral whitb bbbula in the lower Jaw, 2* sonth of ^ Leonis ; R. A. 9h. 28m. 
U78.; Dec. N. 22* 121'. May be classed as double— email stars in field ; difficult otitlect 
Sec Map VIIL, Pig. 40. 

II. A lucid WHITB NEBULA ou the Lion's ribs, about 9* due east of Regulus; R. A. lOh. 
^m. 8l8. ; Dec. N. 12* 81' 9*. Round and bright, with two smaU stars in field. Another 
large pale white nebula, about 1* east of it. 

12. A FAm OP BRIGHT CLASS NBBULJt in the Lion*s belly ; R. A. lOh. 89m. 49s. ; Dec. N. 
18* 28'. Found south of line joining Regulus and i^ Leonis, about 10* east of, and 
ncariyon a parcllcl with the latter. 

18. A LAROB, FLONGATBD KRBULA, With a bright nucleus on the Lion's haunch; R. A. 
no. 11a. Ml. ; ]>ee. N. 18* 52' 4' ; Just 8* southeast of ^, with another smaUer nebula, 
•ad several atft/s in tiie field. Map VIU., Fig. 41. 

LEO MINOR (the littlb lion).— MAP IV. 

133. Leo Minor contains 53 stars, including only one of tho 
*6d magnitude, and five of the 4th. The principal star is situated 
in the body of the animal, IS'' N. of Gamma Leonis, in a straight 
line with Phad, and may be known by a group of smaller stars, 
a little above it on the N. W. 

I ^* JJnns an equilateral triangle with Gamma and Delta Leonis, the vertex being in 
wo Minor. This star is marked with the letter i, in modern catalogues, and being the 
principal representative of the constellation, is itself sometimes called the Little Lion : 
f rf '**'* *'*'* (*^® Little Lion) are two stars of the 4th magnitude, in the last paw 
•rtt hi* ***^®'» ***** about 10* N. W. of it are two other stors of the 8d magnitude, in the 

•* The Smaller Lion now succeeds ; a cohort 
Of fifty stars attend his steps ; 
And ihree^ to sight unarm'd, invisibl v* 

tt,'j"«ODPio OBJBCTS.~Alpha? Beta? Gamma? Point out on the map. HolUl 
^!JS?V Iota? Mu? WhatnebulsB? Which shown on the map ? Point ooi. 
^^•Deicribe Leo Minor? Its principal star ? Helps form what trami^ ? 
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184. lliia constellation was formed by Hevelins, ont oi tbe 
Stellu infornus^ or unformed stars of the ancients, which lay 
scattered between the Zodiacal constellation Leo on the S., and 
Ursa Major on the N. Its mean right ascension is the same 
with that of Regulus, and it comes to the meridian at the same 
time on the 6th of April. 

The modern constellations, or those which hare been added to our celestial mape 
■<nce the adoption of the Greek notation, in 1608, are referred to by the let.^ers of the 
English alphaltet instead of the Oreelc. This is the case in regard to Leo Minor, and all 
otJier constellations whose origin is subsequent to that period. 

TELESGOPIO OBJECTS. 

A BRiOBT OTAL NBBULA between Lynx and Cancer, but given to Leo Minor ; R. A. Sh. 
42m. 448. ; Dec. N. 84* 00' 6*. Direct telescope 16" north by east of Presepe in Cancer 



SEXTAN'S (THE SEXTANT).— MAP IV. 

135. Sextans contains 41 very small stars, including only one 
as large as the 4th magnitnde. This is sitnated very near the 
equinoctial, 13° S. of Regulus, and comes to the meridian aboat 
the same time on the 6th of April. The othier stars in this con- 
stellation are too small to engage attention. A few of the 
largest of them may be traced out from the map. 

The Skxtakt, called also Uraitia's BiXTAirr, is a modem constellation that HereHiu 
made out of tlie unformed stars of Uie ancients, which lay scattered between the Lion 
on the N., and Hydra on the S. 

Urania was one of the muses, and daughter of Jupiter and Mnemosyne. She pre- 
sided over astronomy. She was represented as a young virgin, dressed in an asnre- 
colored robe, crowned with stars, holding a robe in her hands, and having many mathe- 
matical instruments about her. 

A sextant, in mathematics, is the sixth part of a circle, or an arc comprehendinff 60 
degrees. But the term is more particularly used to denote an astronomical instrument 
well known to mariners. Its use is the same as that of the quadrant: namely, to mea- 
sure the angular distance, and take the altitude of the sun, moon, planets, and fixed 
stars. It is indispensable to the mariner in finding the latitude and longitude at sea, 
and should be in the hands of every surveyor and practical engineer. It may serve tlve 
purpose of a theodolite, in measuring inaccessible heights and distances. It may Ra- 
tify the young pupil to know, that by means of such an instrument, well adjusted, and 
with a clear eye and a steady hand, he could readily tell, within a few hundred yards 
how far north or south of the equator he was, and that from any quarter of the world, 
known or unknown. This constellation is so called, on account of a supposed resem- 
blance to this instrument. 

TELESCOPIC OBJECTS. 

1. A DOUBLB STAR on the right fore leg of Leo, though crimped into the sextant ; R. A 
9h. 45m. 458. : Dec. N. 5° 41' S'. It lies about one-third of the way from Regulua to 
Alphard. A 7, and B. 9, both blue, and well-defined. 

184. Origin of Leo Minor? Mean R. A.? What remark respecting the notation of 
ihe stars ? 

Trlbscopic Objects.— What nebula ? Situation ? How find ? 

135. Describe Sextans ? Situation of its principal star? What said of the remainder 9 
What said of the age of this constellation? 07 Urania? Of the Sextant as a nautical 
Instrument ? 

Telbsocpic Objects.— What double stars? What nebula? What •xjuurkable niJtf 
•ccn near ibis nebula? / 
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S. A neat DOtTBLS stak on the nortii extreme of the grmdaated limh of the inntmner.t ; 
ind three-fifths of tlie distance aetween Alphard Hnd Denebola ; R. A. lOh. 85id. Mb.; 
Dec a. ft* 85' 2-. A 7, topaa yellbw; B 8, smalt blue ; a fine ot^|ect. 

8. A bright class mouND nebula on the frame of the instmment ; R. A. tOh. OBm. Ms.; 
Dec. N. 4* 15' 1'. A good telescope shows another large but faiat nebula near b/. 

This ol^ect is on or near the spot where the Capuchin, De Rheito, fancied he saw thu 
Dapkia of St. Veronica, in 1783. Captain Smyth has a picture of this wonderftil napkin ; 
knd Sir J. Herschel remarks that ** many strange things wen seen anoilg the start 
Deforo the U9i» c/ powerful telescopes became common.** 

HYDRA AND THE OUP.— MAP IV. 

136. Hydra, {the Water- Serpenij) is an extensive constella- 
tion, winding from E. to W. in a serpentine direction, over a 
space of more than 100 degrees in length. It lies south ol 
Cancer, Leo and Virgo, and reaches almost from Canis Minor 
to Libra. It contains sixty stars, including one of the 2d mag- 
nitnde, three of the 3d, and twelve of the 4th. 

131. ^iphard or Cor Hydra ^ in the heart, is a lone star of 
tbe 2d magnitude, 23° S. S. W. of Regulus, and comes to the 
meridian at the same time with. Lambda, in the point of the 
Bickle, about 20 minutes before 9 o^clock on the Ist of April 
There is no other considerable star near it, for which it can be 
mistaken. An imaginary line drawn from Gamma Leonis 
through Regulus, will point out Cor Hydrse, at the distance 
ot 23 . 

138. The head of Hydra may be distinguished by means of 
four stars of the 4th magnitude, 2:^° and 4° apart, situated 6** 
S. of Acubens, and forming a rhomboidal figure. The threci 
ttpper stars in this cluster form a small arch, and may be known 
by two very small stars just below the middle one, making with 
It a very small triangle. The three western stars in the head 
also make a beautiful little triangle. The eastern star in thia 
?ronp, marked Zeia, is about 6° directly S. of Acubens, and 
CT\lmiiiates at the same time. 

^ 139. When Alphard is on the meridian, AlkeSy of the 4th mag- 
nitude, situated in the bottom of the Cup, may be seen 24° S. E. 
ofit, and is distinguished by its forming an equilateral triangle 
J^th Beta and Gamma, stars of the same magnitude, 6° S. and 
^' of it. Alkes is common both to Hydra and the Cup. Beta, 
on the S., is in Hydra, and Gamma, on the N. E., is near the 
niiddle of the Cup. A line drawn from Zozma, through Theta 

198. Describe Hydra ? Its situation ? Number and magnitude of its stars 7 187. Po 
^^n and magnitude of Alphard ? How pointed out? 188. How is the head, of Hydra 
J^Suishedf 189. What said of Alkes? Of Beta and Oammaf Hon- it BoM 



Digitized by CjOOQ IC 



72 AS itONOMT. 

lieuuis, tind continued 38^° directly S. will reach Beta ; it ia 
therefore on the same meridian, and will culminate at the same 
time on the 23d of April. 

140. The Cup itself (called also the Crater) , may be easily 
distinguished by means of six stars of the 4th magnitude, form- 
ing a beautiful crescent, or semicircle , opening to the W. The 
center of tbis group is about 15° below the equinoctial, and 
directly S. of the hinder feet of Leo. The crescent form of the 
stars in the Cup is so striking and well defined, when the mooc 
is absent, that no other description is necessary to point thera 
out. Its center comes to the meridian about two hours after 
Alphard, on the same evening ; and consequently, it culminates 
at 9 o'clock, one month after Alphard does. The remainder of 
the stars in this constellation may be easily traced by aid of 
the map. 

141. When the head of Hydra is on the meridian, its other 
extremity is many degrees below the horizon, so that its whole 
length cannot be traceS out in the heavens until its center, oi 
the Cup, is on the meridian. 

" Near the equator roUa 

The sparkling Hydra, proudly eminent 
To drink the Gakuoy^s refulgjnt sea; 
Nearly a fourth of the encircimg curve 
Which girds the ecliptic, his \ ast folds inyolve ; 
Yet ten the number of Ids stars diffused 
O'er the long track of his enormous spires ; 
CAi^beams his heart, sure of the second rank, 
But emulous to gain the &rat.**—Eicdo8ia, 

HISTORY. 

A he astrologers of the east. In dividing the celestial hosts into various compartmenta, 
assigned a popular and allegorical meaning to each. Thus the sign Z«o, which pasaef 
the meridian about midnight, when the sun is in Pisces, was called t/ie House qf th»i 
XAonSt Leo being the domicil of Sol. 

The introduction .of two serpents into the constellations of the ancients, had its origin 
it is supposed, in the circumstances that the polar one represented the oblique course of 
the stars, while the Hydra, or Great Snake, in the southern hemisphere, symbolised the 
moon*s course ; hence the Nodes are called t/ie DragorCs Itead and tail to this day. 

The hydra was a terrible monster, which, according to mythologists, infested fh« 
neighborhood of the lake Lema, in the Peloponnesus. It had a hundred heads, accord- 
ing to Diodorous ; fifty, according to Simonides ; and nine, according to the more com 
monly received opinion of Apollodorus, Hyginus, and others. As soon as one of theae 
heads was cut off, two immediately grew up if the wound was not stopped by fire 

" Art thou proportion'd to the hydra's length. 
Who by his wounds received augmented strength? 
He raised a hundred hissing heads in air. 
When one I lopp'd, up sprang a dreadful pair." 
To destroy this dreadful monster, was one of the labors of Hercules, and this he easily 
effected with the assistance of lolaus, who applied a burning iron to the woundb ne 
soon as one head was cut uS^ While Hercules was destroying the hydra, Juno, jealous of 
lis glory, sent a sea-crab to bite his foot. This new enemy was soon despatched ; na ! 

14a How is the Cup distinguished ? Is it easily found ? 141. What id said of tht 
•Atent of Hydra east and wostf History of Hydrt* 
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Jono WM onable to succeed in her attempt! to leiien tbe fifcme of Horculet. The eon* 
queror dipped his arrows in the gall of the Hydra, which erer after rendered the woand« 
Indicted with them incurable and mortal. 

This fable of the many-headed hvdra may be understood to mean nothing more than 
that the marshes of Lerna were hifested with a multitode of serpents, which seemed to 
multiply as fast as they were destroyed. 

TELESCOPIC OBJECTS. 

1. a 6KATKBIS — A star with two very distant companions in the base of the cop ; R. A 
lOh. 62m. 00s ; Dec. S. 17' 26' 9'. A. 4, orange tint; B 8, intense blood color; 9, ptUe 
Hue. 

2. y Cratsris — A close doublb star, in the center of the cup; R. A. llh. Itfra. r»4s. ; 
Dec. S. 16° 48 8'; A 4, bright white; B 14, grey , with a star of the 11th magnltade Sci' 
lowing, on a line with A. B. 25' distant. 

8. 6 Cratbris — ^A star with a very distant companion, on the cup, midway between 
Alphard and Spica, but a little south of the line Joining them; R. A. llh. 11m. 2Is.} 
Dec. S. 18* 54' 8'. A 83^, palo orange ; B 11, pale blue— other small stars in the field. 

4. a Htor^ (Ck>r ffydrcey-A bright star in the heart of Hydra with a distant com- 
panion ; R. A. Ih. 19m. 448. ; Dec. S. 7* 58' 1*. A 2, orange tint; B 10, pale green. 

5. 6 HTORiB — A star with a distant companion in the head of Hydra; R. A. 8h. S9m. 
14a. ; Dec. N. 6* 15' 5'. A 4, light topas; B 9, livid-several other stars in the field. 

6. e HTDRiB — A double star In the head ; R. A. 8h. 8dm. 18s. ; Dec. N. T* 00' S*. A 4, 
pale yellow ; B 8>^, purple. 

7. A FLAHBTART KBBULA in the middle of the body; R. A. lOh. 17m. 01s.: Deo. 8. 17* 
60' «'; greyish white. 



CHAPTER VII. 

CONSTELLATIONS ON THE MERIDIAN IN MAT. 

URSA MAJOR (the great bear).— MAPS IV. AND VI. 

142. Ursa Major is situated between Ursa Minor on the north, 
and Leo Minor on the south. It is one of the most noted and 
conspicuous in the northern hemisphere. It has been an object 
of universal observation in all ages of the world. 

The priests of Belus and the Magi of Persia, the shepherds of Ohaldea, and the Phoe- 
nician navigators, seem to have been eqaally strack with its peculiar outlines. And ii 
is somewhat remarkable, that a remote nation of American Aborigines, the Iroquois, 
and the earliest Arabs of Asia, should have given to the very same constellation the 
name of " Great Bear," when there had probably never been any communication 
^tween them ; and when the name itself is so perfectly arbitrary, there being no resem- 
blance whatever to a bear, or to any other animal. 

143. It is readily distinguished from all others oy means of a 
remarkable cluster of seven bright stars, forming what is fami- 
liarly termed the Dippery or Ladle. In some parts of England 
it is called " Charles' Wain," or wagon, from its fancied resem- 

Truisoopio Objbcts.— Alpha? Gamma? Delta? Alpha Hydrse? Delta Hydr»? 
■taHyam?? Wliat Nebula? 

\A'L Dciicnbc Ursa Major? What remarkable fact as to its name? 148. How dif* 
tfa^fniisbod? What other names for the Dipper? What remark in small typo? 
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*ilanc8 to a wagon drawn by three horses in a line. Others call 
\u the Plouj^h. The cluster, however, is more frequently put foi 
the whole constellation, and called simply the Great Bear. 

We see no reason to r^ect the very appropriate appellation of ths shepherds, for th« 
resemblance is certainly in faTor of the Dipper ; the four stars in the square formin|{ tho 
Uovrly and the other three the handle. 

144. When the Dipper is on the meridian, above the pole, tho 
bottom lies toward us, with the handle on the right. 

Benetnasch is a bright star of the 2d magnitude, and is the 
first in the handle. The second, or middle star in the handle is 
Mizar, 7° distant from Benetnasch. It may be known by means 
of a very minute star almost touching it, called Alcor, 

145. The third star in the handle is called Aliotk, and is about 
4J-° W. of Mizar. Alioth is very nearly opposite Shedir in Cas- 
siopeia, and at an equal distance from the pole. Benetnasch, 
Mizar, and Alioth constitute the handle, while the next four iu 
the square form the bowl of the Dipper. 

146. Five and a half degrees W. of Alioth is the first star in 
the top of the Dipper, at the junction of the handle, called 
Megrez ; it is the smallest and middle one of the cluster, and is 
used in various observations both on sea and land for important 
purposes. 

When Megrez and Caph have the same altitude, and are seen in the same horisontai 
line east and west, the polar star is then at its greatest elongation from the true pole of 
the heavens ; and this is the |»roper time for an observer to take its an^e of elevatioa, 
in order to determine the latitude^ and its azimuth or angle of declination, in order to 
determine the magnetic variation. 

14 1. At the distance of 4^° S. W. of Megrez is Phad, the 
first star in that part of the bottom which is next the handle. 

The stars in this cluster are so well known, and may be so easily described without 
reference to their relative bearings, that they would rather confuse than assist the 
student, were they given with ever so much accuracy. The several bearings for thig 
cluster were taken when Megrez was on the meridian, and will not apply at any othtc 
time, though their respective distances will remain the same. 

148. At the distance of 8° W. ©f Phad, is the westernmost 
star in the bottom of the Dipper called Merak, The bright star 
6° N. of it, toward the pole, is called Duhht, These two, arc. 
by common consent, called the Pointers, because they always 
point toward the pole; for, let the line which joins them be con- 
tinued in the same direction 28f ° further, it will just reach the 
north pole. 

The names, positions, and relative distances of the stars in this cluster should be weU 



144. How is the handle of the Dipper situated, when th? Dipper is above the pole F 
Describe Benetnasch? Mizar? How known? 145. Alioth? Megrez? Remark 
respecting? Phad? Remark in small print? 148. Merak and Dubhe? Oonstituto 
what? .Remark respecting the names, positions and distances of the ttani in Urva 
Ibuor ? Why should these distances b« well understood ? 
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remembered, as they wIU be A-equentlj adrerted to. The dtsUnee of Dubhe, or the 
Pointer nearest to the noith pole, is 28^*. The distance betveen the two appar ttari ic 
the Dipper is 10'; between the two lower ones is 8*; the distance from the brim to the 
bottom next the handle, is 4}i*; between Megres and Alioth, is 5)t*; between AUoth 
and Misar, 4H'; and between Misar and Benetnasch, 7*. 

The reason why it Is important to have these distances clearly settled in the mfnd is, 
that these stars, being always in view, and more familiar than any other, the student 
will never fail to have a standard measure before him, which the eye can easily mako 
OM of in determining the distances between other stars. 

149. The position of Megrez in Ursa Major, and of Caph in 
Cassiopeia, is somewhat remarkable. They are both in the equi- 
noctial colure, almost exactly opposite each other, and equally 
distant from the pole. Caph is in the colure, which passes 
through the vernal equinox, and Megrez is in that which passes 
through the autumnal equinox. The latter passes the meridian 
at 9 o'clock, on the 10th of May, and the former just six months 
afterward, at the same hour, on the 10th of November. 

150. Psi, in the left leg of Ursa Major, is a star of the 4th 
magnitude, in a line with Megrez and Phad, distant from the 
latter 12^°. A little out of the same line, 3° farther, is another 
star of the 4th magnitude, marked EpsiloUj which may be dis- 
tinguished from Psi, from its forming a straight line with the two 
PoijUers. 

151. The right fore-paw, and the two hinder ones, each about 
15° from the other, are severally distinguished by two stars of 
the 4th magnitude, "between 1° and 2° apart. These three 
duplicate stars are nearly in a right line, 20° S. of, and in a 
direction nearly parallel with Phad and Dubhe, and are the only 
stars in this constellation that ever set in this latitude. 

There are a few other stars of equal bri{ifhtness with those just described, but amidst 
the more splendid and interesting group with which they are clustered, they seldom 
engage our observation. 

The whole number of visible stars in this constellation is 87 ; of which fire are of th« 
2<1, two of the 8d, and about twice as many of the 4th magnitude. 

HISTORT. 

Uaai Major is said to be Calisto, or Helice, daughter of Lycaon, king of Arcadia. Sho 
iras an attendant of Diana, and mother of Areas, by Jupiter, who placed her among the 
• OOQiteilaiions, after the jealousy of Juno had changed her into a bear. 

** This said, her hand within her hair she wound, 
Swung her to earth, and dragg'd her on the ground; 
The prostrate wretch lifts up her hand in prayer ; 
Her arms grow shaggy, and deform'd with hair, 
Her nails are sharpen'd into pointed claws, 
Her hands bear half her weight, and turn to paws ; 
Her lips, that once could tempt a god, begin 
To grow distorted in an ugly grin ; 



1*9. What said of Megres and Caph? 150. Of Psi and Epsllon? 151. How OoJ 
•he/««t of the figure? Number of stars in Ursa Major? Magnitudes? 

Ui«TORr. — Who was Ursa Mwjor before she became a bear? What other suppanition 
»»v are the two bears repr^.-tenuid by the Kgyptians? What further remarks V 

B.G. 4 
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And lett the luppllcatlng brute might reach 
The ears of Jove, she was deprire<< of speech. 
» * » • « *« 

How did she fear to lodge in woods alone, 

And haunt the fields and meadows, once her own I 

How often would the deep«mouth'd dogs pursue, 

Whilst from her hounds the frighted hunters flew/*— OvIeP^ Md. 

Homo suppose that her son Areas, otherwise called Bootes, was changed Into fJrM 
Minor, or the Little Bear. It is well known, that the ancients represented both thMf! 
aonsteUatlons under the figure of a wagon drawn by a team of horses ; hence the appel* 
Uition of CkarM* Wain^ or wagon. This is alluded to in the Phenomena of Aratus, • 
Oreeic poem, from which St. Paul quotes In his address to the Athenians : — 
** The one callM Helix, soon as day retires. 

Observed with ease lights up his radiant fires. 

The other, smaller, and with feebler beams, 

In a less circle drives its lai.y teams; 

But more adapted for the sailor's guide. 

Whene'er, by night, he tempts the briny tide.** 

Id the Egyptian planispheres of remote antiquity, these two constellations are repre> 
iented by the figures of bears, instead of wagons; and the Greeks, who derived most of & ii: 
astronomical symbols from the Egyptians, though they usually altered them to emblems 
of their own history or superstition, hare, nevertheless, retained the original form of 
the two bears, It is said by Aratus, that the Phoenician navigators made use of Ursa 
Minor in directing their voyages : — 

** Observing this, Phcenicians plough the main :'* 

while the Greeks confined their observations to Ursa Major. 

Some imagine that the ancient Egyptians arranged the stars near the North Pole, 
within the outlines of a bear, because the polar regions are the haunts of this animal*. < 
and also because it makes neither extensive Journeys nor rapid marches. 

At what period men began to sail by the stars, or who were the first people that did 
so, is not clear ; but the honor is usually given to the Phoenicians. That it was prac- 
ticed by the Greeks, as early as the time of the Trqjan war, that is, about 1200 year. 
B. C, we learn from Homer ; for he says of Ulysses, when sailing on his raft, that 

" Placed at the helm he sate, and mark*d the skies, 
Nor closed in sleep his ever watchful eyes.** 

It is rational to suppose that the stars were first used as a guide to travellers by land, 
for we can scarcely imagine that men would venture Uiemselves upon the sea by night, 
before they had first learned some safe and sure method of directing their course by 
land. And we find, according to Diodorus SIcuIus, that travellers in the sandy plains of 
Arabia were accustomed to direct their course hy^tke Bears. 

That people travelled in these vast deserts at night by observing the stars, is directly 
proved by this passage of the Koran :— '* God has given you the stars, to be guided in 
the dark, both by land and by sea.** 

TELESCOPIC OBJECTS. 

1. a Ursa Majoris (l>ub?iey one of the poifUera}—A fine star with a distant oomf>a> 
nion ; R. A. lOh. 68m. 48s. ; Dec. N. 62» 86' 8'. AlH, yellow ; B 8, yeUow. 

2. /3 Ursa Majoris {Meraky—A bright star with a distant companion ; R. A. lOh. 62m. 
W; Dec. N. 67* 14' 2*. A 2, greenish wliito ; B 11, pale grey— other stars in field. 

8. V Ursa Majoris {P?iad)—A star with a distant companion ; R. A. llh. 46m. 23s.: 
f)ec. N. 64' 86' 1'. A 2, topaz yellow ; B 9, ashy paleness, with a fine group of stars Ui 
the field. 

4. (J Ursa Majoris (Megrez) — A fine star, suspected of variability, with a distant com- 
panion; R. A. 12h. 07m. 288.; Dec. N. 67" 66' 8\ A 8, pale yellow; B9,ash coloreo. 
tilth other stars in field. 

6. C Ursa Majoris (Mizar.y-A splendid double star in the middle of the tail ; R. A. 
18h. 17m. 2£8. ; Dec. N. 66" 45' 8'. A 8, brilliant white ; B 6, pale emerald. Alcor an< 
other stars hi the field. Map Till. Fig. 7. 

Tblbsgopio Objects.— Alpha? Beta? €kimma? Delta? Zeta? Btaf Iota? Mw 
W?at nebula? Which shown on the map? 
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>. J7 Ubsa Majokis (Benetna9ch)—A iwcmLBSTAR Id the tip of tb<3 tail; R. A. 1fh.41aL 

l4b. ; Dec. N. 50' 06' 6^. A iHj briUiant white ; B 9, dusky. 

7. I Ursa Majoris (Al jLaphrah)—k doublb otar in the right fo'epair ; R. A. 8b. 48m. 
148. ; Dec. N. 48° 89' 9*. A 8)$, topai yeliow ; B 18, purple. Sir J. Uer«chel tuppOMd A 
might l>e a satellite, sliining onlj by reflection. 

8. V Ursa Majoris — A delicate ooitblb star in the left hind foot, Just abore f or 
El Acola ; R. A. 1 Ih. 09m. 49s. ; Deo. N. 80' 68' 0'. A 4, orange tint ; B 13, cornelian blue ; 
B close but elegant ofcject. 

9. A beautifiil planktart hsbitla, just south of jS; R. A. lOh. 28ra. 4Bfl.; Deo. N. M* 
HO' 4'. A small, well defined object, bluish white, and brightens towards the center. 

10. A BRIGHT KBBULA in the right fore leg ; R.' A. 9h. lOm. Ms.; Dec. N. M* 40' 5*. Of • 
pale creamy whiteuess, with several bright stars in the northern part of the fleUU 
Nebula large, elliptical and nucleated. 

11. A bright-class bouro kbbula above the Boar*s ear ; R. A. 9fa. 84ai. 8St. ; Dee. N. 78* 
CI' 2*. Several sUrs in field, of 9th to 12th magnitude. 

12. A piHB OTAL HKBULA in the ear; R. A. 9h. 42m. lOs. ; l>ec. N. 49* 61' 8*. 

18. A LARQB uiLK-wHrrs KBBCTLA on the body, about 1* south of ii or Merak ; R. A. Ilk. 
02m. 03s. ; Dec. N. 56" 81' 8'. 

14. A LAROB PLAMBTART KBBULA on the flank, with several stars in the field, one of 
which is pretty close ; R. A. llh. 05m. 24s. ; Dec. N. 66* 62' 9*- About 2' to the 8. B. of 
p, and just south of a line from /9 to y; a singular okject, circular, uniform, and seem- 
bgly of the siKe of Jupiter. W. Herschel assigned this object to the 980th order of db- 
tance. Map YIII., Fig. 42. 

15. A BRIGHT-CLASS KKBULA in a pooT field, behind the left hind leg, one-third the dis- 
tance from 6 towards Denebola; R. A. llh. 68m. 51s.; Dec. N. 48* 51' 8". Of a lucid 
white, various and elongated. Map VIII., Fig. 48. 

16. A LAROB WHITB NBBULA near the haunches; R. A. 12h. 11m. 04s. ; Dec. N. 48* 11' 1*. 
A noble-sixed oval, with a bright nucleus, the lateral edges better defined than the ends. 
Found by running a diagonal line across the square, from a through >, and about 7H* 
beyond, into the 8. E. 



COMA BERENICES (bkkeniok's hair).— MAP IV. 

152. This is a beautiful cluster of small stars, situated about 
5° E. of the equinoctial colure, and midway between Cor Caroli 
on the northeast, and Denebola on the southwest. If a straight 
line be drawn from Benetnasch through Cor Caroli, and pro- 
duced to Denebola, it will pass through it. 

153. The principal stars are of between the 4th and 5th mag- 
nitudes. According to Flamsted, there are thirteen of the 4th 
magnitude, and according to others there are seven ; but the 
student will find agreeably to his map, that there is apparently 
but one star in this group, entitled to that rank, and this is 
situated about V S. E. of the main cluster. 

Although It is not easy to mistake this group for any other in the same region of the 
Ikies, yet the stars which compose it are all so small as to be rarely distinguished in .^he 
full presence of the moon. The confused lustre of this assemblage of small stars sonae- 
what resembles that of the Milky Way. 

152 Describe Coma Berenices? How find it? 158. Its principal stars, their 
Ir.f What remark in fine print? 
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154. The whole number of stars in this constellation is 43 ; 
its mean right ascension is 185°. It consequentlj is on tli« 
meridian the 13th of May. 



-"Now behold 



The glUtering mase of Berenice'9 Hair; 
Forty the stars ; but such as seem to kiss 
't:\\tJtovying tre$$es with a lambent flrt*. 
Four to the telescope alone are seen.** 

HISTORY. 

Berenii 9 was of royal descent, and a lady of great beauty, who married Ptolemy Soter, 
or £v«:r(e,>es, one oi tiie kings of Egypt, her own brother, whom she lored with much 
tenderness. When he was going on a danr>H'ous expedition against the Assyrians, she 
▼owed to dedicate her hair to the goddess of beauty, if he returned in safety. Some 
time after tee victorious return of her husband, Evergetes, the locks, which, agreeably 
to her oath, 9he had deposited in the temple of Venus, disappeared. The king expressed 
great regret at the loss of what he so much prised ; whereupon Conon, his astronomer, 
publicly reported that Jupiter had taken away the queen's locks from the temple and 
placed them among the stars. 

** There Berenice** locks first rose so bright. 

The heavens bespangling with dishevelled light.** 
Conon being sent for by the king, pointed out this constellation, saying, ** There behold 
the locks of the queen." This group being among the unformed stars until that tinae, 
and not known as .i constellation, the king was satisfied with the declaration of the 
astronomer, and the queen became reconciled to the partiality of the gods. 

Callimachus, a historian and poet, who flourished long before the Christiaii era, has 
these lines as translated by Tytler : — 

** Immortal Conon, blest with skill divine. 

Amid the sacred skies behi>ld me shine: 

E'en me, the beauteous luiir^ that lately shed 

Refulgent beams frc3i Beretti^a head ; 

The lock she fondly vowed with lifted itrms, 

Imploring all the itowers tu save from inarms 

Her dearer lord, when from his bride tM flew. 

To wreak stern vengeance on the Assyrian crew.** 

TELESCOPIC OBJECTS. 

1. A TRiPLB STAR, bctweeu the tresses and Virgo's northern wing; R. A. 12h. 4&n. 9b8. 
Dec. N. 22' U7' 0*. A 5, pale yellow; B, indistinct; C 10, cobalt blue. - About 7* south* 
east of a Berenices, and 20° west of Arcturus. 

2. A GLOBULAR CLUSTER, between the tresses and the Virgin's left hand, with a coarse 
pair and one single star in the field ; R. A. llh. 05m. 08s. ; Dec. N. 19" 01' 8'. A brilliant 
mass of minute stars from the Uth to the 15th May; compressed at center. A line 
through S and e Virginis, northward, meeting another flrom Arcturus over V Bootes, falls 
upon this magnificent object. 

8. A CONSPICUOUS NKBULA between the tresses and the virgin's left arm ; R. A. 12ti. 
18m. 52s. ; Dec. N. 22° 88' 2*. A magnificent object, both in size and brightness, witk 
several small stars in the field. Elongated, compressed in the centre, and was likened 
kf Sir Charles Blagdon to a ''black eye." Map VUL, Fig. 44. 

00RVU8 (the crow).— map IY. 

155. This small constellation is situated on the eastern part 
of Hydra, 15° E of the Cup, and is on the same meridian with 

154. What number of stars? 

HiSTORT. — Who was Berenice? Story of the loss of her hair, kc? 

TsLKbOOPic Objrcts.— VRiat triple stars? Cluster ? Nebula? Point out on the MaD 

155. Where is Corrus situated? Number of ;visible stars? 
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Coma BereDices, but as far S. of the eqaiQOv.tial as Couia Bere- 
nices is N. of it. It therefore colminates at the same time, on 
the 12tli of May. It contains nine visible stars, including three 
of the 3d magnitude, and two of the 4 th. 

156. This constellation is readily di:$tinguished by means of 
three stars of the 3d magnitude and one of the 4th, forming a 
trapezium or irregular square, the two upper ones being about 
3^° apart, and the two lower ones 6"" apart. 

157. The brightest of the two upj)er stars, on the left, in 
called Algorahf and is situated in the E. wing of the Crow ; it 
has nearly the same declination S. that the Dog Star has, and 
is on the meridian about the 13th of May. It is 21^° E. of 
Alkes in the Cup, 14^"* S. W. of Spica Vu-giuis, a brilliant star 
of the 1st magnitude, to be described in the next chapter. 

158. Beta, on the back of Hydra, and in the foot of the Crow, 
is a star of the 3d magnitude, nearly 7° S. of Algorab. It is 
the brightest of the two lower stars, and on the left. The right- 
hand lower one is a star of the 4th magnitude, situated in the 
neck, marked EpsUon, about 6° W. of Beta, and may be known 
hy a star of the same magnitude situated 2° below it, in the eye, 
and called Al Chiha. Epsilon is 21|° S. of the vernal equinox, 
and if a meridian should be drawn from the pole through 
Megrez, and produced to Epsilon Corvi, it would mark the equi- 
noctial colure. 

159. Gamma, in the W. wing, is a star of the 3d magnitude, 
3^° W. of Algorab, and is the upper right-hand on** in the 
square. It is but 1° E. of the equinoctial colure. 

10° E. of Beta is a star of the 3d magnitude, in the vail of 
Hydra, marked Gamma ; these two, with Algorab, form nearly 
a right-angled triangle, the right angle being at Beta. 

mSTORY. 

The Crow, ft is said, was once of the purest white, but was changed for tal«*bearlnx U 
its present color. A At punishment for such a fault. 

♦* The raven once In snowy plumes was drest, 
White as the whitest dove's unsullied brs&st. 
Fair as the guardian of the capitol, 
Soft ao the Swan ; a large and lovely fowl ; 
His tongue, his prating tongue, had changed him qtut^.. 
To sooty blackness from the purest white." 
According to Greek fable the Crow was made a constellation by Apollo. This go j 
b^Jig Jealoua of Coronis (whom he tenderly loved), the daughter of Phlegyas and 

1U. How is it found f 157. What said of Algorab ? 158. Of Beta ? Epsilon f 
Al Chibaf What said of the Pole, Megrez, and EpsUonf 159. Of Oammaf What 
triangle ? 

UiSTORT.— Story of the original color of Corrus ? Ore«k fable of the origin ot tlx 
ncastellation f What other a :coui) i • 



Digitized by Google 



80 ASTRONOMY. 

mother of Jbculapiut, sent a crow to watch her bebarior; the bird perceived her cA^ 
Biinal partiality for Ischys the Thessalian, and immediately acquainted ApoUo with he* 
conduct, which so fir«Ml his indignation that he lodged an arrow in her breast, and kiUad 
>w instantly. 

•* Tie god was wroth ; the color left his look. 

The wreath his head, the harp his hand forsook : 

Vhe silver bow and feathered shafts he took. 

And lodged an arrow in the tender breast. 

That had so often to his own been prest." 
To reward the crow, he placed her among the constellations. 

Others say that this constellation takes its name from the daughter of Oonm»a% 
king of Phocis, who was transformed into a crow by Minerva, to rescue the maid fntm 
the pursuit of Neptune. The following, from an eminent Irfitin poet of the Augustaa 
age, is her own account of the metamorphosis as translated into English verse by Mr. 
Addison :— 

** For as my arms I lifted to the skies, 
I saw black feathers from my fingers rise ; 
I strove to fling my garment on the ground ; 
My garment turned to plumes, and girt me round; 
My hands to beat my naked bosom try j 
Nor naked bosom now, nor hands had I * 
Lightly I tripp'd, nor weary as before 
Sunk in the sand, but skimmM along the shore ; 
Till, rising on my wings, I was preferr'd 
To be the chaste Minerva's virgin bird ** 

TELESCOPIC OBJECTS. 

1. ti CoBvi— A fine bright star nearly midway between two distant companions. A SHt 
ruddy yeUow ; B 7, greenish yellow ; C 8, dull grey. /? is actuaUy the lucida, or brightest 
•tar of the constellation. 

3. i C0RVi~A DOUBLB BTAS In the right whig ; B. A. 12h. 21m. 85s. ; Dec. S. 15* 87' 04' 
A 8, pale yellow; B 8)$, purple. 



VIRGO (the virgin).— map IV. 

IbO. This is the sixth sign, and seventh constellation m the 
ecliptic. It is situated next east of Leo, and about midwaj 
between Coma Berenices on the N. and Corvus on the S. It 
occupies a considerable space in the heavens, and contains, 
according to Flamsted, one hundred and ten stars, including one 
of the 1st, six of the 3d, and ten of the 4th magnitudes. Its 
mean declination is 5° N., and its mean right ascension is 195*^. 
Its center is therefore on the meridian about the 23d of May. 

The sun enters the sign Virgo, on the 28d of August, but does not enter the coruMk^ 
Han before the 15th cf September. When the sun is in tliis sign, the earth is in Pisces; 
and «ice v&raa. 

161. Alpha f or Spica VirgimSj in the ear of corn which the 
virgin holds in her left hand, is the most brilliant star in this 
constellation, and situated nearly 15° E. N. E. of Algorab in 
the Crow, about 35° S. E. of Denebola, and nearly as far S. S. 

Tklbsoopic Objbots.— Beta f Delta ? 

160. Order and position of Virgo r Extent? Number of stars ? Magnitudes? Mcai< 
Iccliuatioa of Virgu 7 Bemark in fine print ? 161. What said of Alpha, or Spica Vir 
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W. of Arctarus — three very brillinnt st^rs of feimilar maguitade 
that form a large equilateral triangle, pointing to the S. Arc- 
turos and Denebola are also the base of a similar triangle on 
the north, terminating in Cor Caroli, which, joined to the former, 
eonstitutes the Diamond of Virgo. 

162. The length of this figure, from Cor Caroli, on the north, 
£0 Spica Virginis on the south, is 50°. Its breadth, or shorter 
diameter, extending from Arcturus on the east to Denebola on 
the west, is 35^°. Spica may otherwise be known by its soli- 
tary splendor, there being no risible star near it except one of 
t'he 4 th magnitude, situated about 1° below it, on the left. 

The position of this star in the hearens, haa beeD determined with great exactness for 
Uxe beueftt of navigators. It is one of the stars from wtiich the moon's distance is taken 
for 'lotermining the longitade at sea. Its situation is highly favorab'e for this purpose, 
u it !ies within the moon's path, and little more than 2* below the ear *h's orbit. 

Its right ascension being 199", it wid come to our meridian at 9 o'clocic about the 38th 
>f May, in that point of the heavens where the sun is at noon about the SOth of October. 

] 63. Beta, called also Zavijava, is a star of the 3d magni- 
tude, in the shoulder of the wing, 7^° W. of Eta, with which 
and Gamma it forms a line near the Earth's orbit, and parallel 
to it. Beta, Eta, Gamma and Spica, form the lower and longer 
side of a large spherical triangle whose vertex is in Beta. 

164. Vindemiatrix, is a star of the 3d magnitude, in the right 
arm, or northern wing of Virgo, and is situated nearly in a 
straight line with, and midway between Coma Berenices and 
Spica Virginis. It is 19^° S. W. of Arcturus, and about 
the same distance S. E. of Coma Berenices, and forms with these 
two a large triangle, pointing to the south. It bears also 18° 
S. B. E. of Denebola, and comes to the meridian about 23 
minutes before Spica Virginis. 

165. Zeia, is a star of the 3d magnitude, 11-J^'' N. of Spica, 
and very near the equinoctial. Gamma, situated near the left 
side, is also a star of the 3d magnitude, and very near the equi- 
noctial. It is 13° due west of Zeta, with which and Spica it 
forms a handsome triangle. Eta, is a star of the 3d magnitude 
•n the southern wing, 5° W, of Gamma, and but 2^° E. of the 
autumnal equinox. 

^e other stars in this figure may be easily traced by means of the map. About 18* B. 
of Spica, there are two stars of the 4th magnitude, 8* apart, which mark the foot of Virgo. 
These two stars are on nearly the same meridian with Arcturus, ana culminate nearly 
M the same time. The lower one, marked LamMa^ is on the south, and but 8* W. of 
^) principal star in Libra. Several other stars of the 8d magnitude lie scattered about 
in this constellation, and may be traced out bjr the map. 

giuis? Diamond? 162. Length of Virgo? Breadth? How may Spica be known? 
^^ in fine print? 168. Describe Beta? What triangle? 164. Vndem&trix' 

•W. Zotci, Ckimma and Eta ? Whet otber stars and how found? 
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** tter loTeljr tresses glow with sUrry light; 
StArs ornAtnent the bracelet on her hauid ; 
Uer vest in ample fold, glitters with stars : 
Beneath her snowy feet tliey shine ; her ey«0 
Lighten, all glorious, with the heavenly rays, 
But^«C the star which crowns the golden sheaC** 

HISTORY. 

Accoidingto the ancient p<Mto, this constellation represents the Virgin Astra*, Jk 
goddess of justice, who lived upon the earth during the golden age; but being ofljjde^ 
at the wickedness and impiety of manlcind during tlie braaen and iron ages of the world, 
she returned to heaven, and was placed among the constellations of the sodiac, with a 
pair of scales (Libra) in one hand and a sword In the other. 

Uesiod, who flourished nearly a thousand years before the birth of our Saviour, and 
later writers, mention four ages of the world ; the golden, the silver, the brasen, and the 
irun age. In the beginning of things, say they, all men were happy, and all men were 
good ; the earth brought forth her fruits without the labor of man ; and cares, and 
wants, wars and diseases, were unknown. But this happy state of things did not last 
long. To the golden age, the silver age succeeded ; to the silver the brasen ; and to the 
brasen, the iron. Perpetual spring no longer reigned ; men continually quarreled with 
each other ; crime succeeded to crime ; a:ui blasphemy and murder stained the history 
of every day. In the golden age, the gods did not disdain to mix familiarly with the 
sons of men. Tlie innocence, the integrity and brotherly love which they found among 
OS, were a pleasing spectacle even to superior natures ; but as mankind degenerated, 
one god after anoUier deserted their late beloved haunts; Astrsoa lingered the last; bat 
finding the earth steeped in human gore, she herself flew away to the celestial regions. 

** Yicta Jacet pietas ; et virgo cssde madentes 

Ultima ccelestum terras Astrasa reliquit.'* 
Met. Lib. i. v. 149. 
** Faith fle^, and piety in exile mourns ; 

AndJiuUcs here oppressM, to heaven returns.*' 

Some, however, maintain, that Erigone was changed into the constellation Virgo. The 
leath of her '.ather Icarus, an Athenian, who perished by the hands of some peasants, 
whom he had intoxicated with wine, caused a fit of despair, in which Erigone hung her- 
self; and si e was afterward, as it is said, placed among the signs of the sodiac She 
was directed by her faithftd dog Masra to the place where her fathar was slain. The 
first bough on which she hung herself breaking, she sought a stronger, in order to elfect 
her purpose. 

•* Thus once in Marathon's impervious wood, 
Erigone beside her father stood. 
When hastening to discharge her pious vows. 
She loos'd the knot, and cull'd the strongest boughs." 
Lkwis* Statius, B. xl. 

The famous sodiac of Dendera, as we haire already noticed, commences with the sigv 
Leo ; but another zodiac, discovered among the ruins at Esne, in Egypt, commences with 
Virgo ; and from this circumstance, some have argued, that the regular precession of 
the equinoxes established a date to this at least 2000 years older than that at Dendera. 
The discoveries of Champollion, however, render it probable that this ancient relic of 
astrology at Esne was erected during the reign of the Emperor Claudius, and conse- 
quently did not precede the one at Dendera more than fourteen years. 

Of this, however, we may be certain : the autumnal equinox now corresponds with 
the first degree of Virgo ; and, consequently, if we find a zodiac in which the summer 
solstice was placed where the autumnal equinox now is, that zodiac carries us back 90* 
en the ecliptic; this divided by the annual precision &0)i' must fix the date at about 
6450 years ago. This computation, according to the chronology of the Sacred writings, 
carries us back to the earliest ages of the human species on earth, and proves, at least, 
that astronomy was among the first studies of mankind. The most rational way of 
accounting for this zodiac, says Jamieson, is to ascribe it to the family of Noah ; or per* 
haps to the patriarch himself, who constructed it for the benefit of those who should live 
after the deluge, and who preserved it as a monument to perpetuate the actual state of 
the heavens immediately subsequent to the creation. 

nmoBT.— Account of the poetef Hesiod'sacoontf What other supposition 9 Wl:a 
•odiacs mentioned, and what calculations, Ac. ? 
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TELBSCOPIO OBJEGTS. 



1. a TiBGfKis (Spl^a}—A splendid star with a minute companion ; R. A. 18h. 16m. 47t 
l>«^ 8. 10* 19- 5-. A 1, brilliant flushed white; B 10, bluish tinge. 

2. P ViKOiNis (Zriri^m)— A bright sUr with a small companion ; R. A. llh. 42m. t8«. 
Dec. N. 2' 40- 0". A 8Ji, pale yellow ; B 11, light blue. 

8. y ViRGiNis — A fine bikart star in the Vh^gin's right side ; R. A. 12h. 88m. 88a. ; D«x 
8. 0* 84' 8'. A 4, silvery white ; B 4, pale yeUow. A Binary System with a period o( 
about 157 years. Map. VIII. Fig. 8. 

4. 6 ViROiMis — A star with a distant companion, on the left side, about 17* north-nonh* 
west of Spico, and nearly midway between y and e Virginia ; R. A. 12h. 47m. SSi. ; Dec 
N. 4" 16- 1". A 8 Ji, golden yellow ; B 10 )i, reddish ; several small stars in the field. 

5. e Vi&GiNis ( V&ndenwttrix) — A star with a minute distant companion, on the upper 
extremity of the Virgin'n left wing ; R. A. 12h. 64m. 18«. ; Dec. 11* 4» 03*. A S)i, brlghl 
yellow ; B 15, intense blue. This last color on so small an object is very striking. 

6. A TRIPL.K STAR In the lower part of the southern wing, 7* northwest of Spica ; R. A. 
V8h. 01m. 40s. ; Bee. S. 4* 41' 0'. A 4X, pale white ; B i>, violet ; C 10, dusky. 

7. A uiRGB, BUT RATHER PALB KKBiTLA, between Virgo's left wing and Leo*s tail ; R. A. 
I2h. 06n::„ 01s. ; Dec. N. 16' 47' 02'. About 6H' from Leonis, towards Arcturus, on the 
outslcirts of a vast region of Nebula in the Virgin's wing. It is elongated in the directicQ 
of two telescopic stars. 

8. A ix>MG PALB-WHiTK NRBiTLA, among telescopIc stars, on the upper part of the Vir- 
^n's left wing ; R. A. 12h. 07m. 878. ; Dec. N. 14* 02' 08'. Situated one-third of the way 
from d l«eonis to e Yirginis, on the border of the vast nebulous region in Virgo. A 
curious object in the shape of a weaver's shuttle. 

9. A LUCID WHiTB BLLiPTiCAL KBBULA, between the Virgin's right elbow and the Grow : 
R. A. 12h. 81m. 40s. ; Dec. 8. 10» 48' 07". Map VIII., Fig. 45. 

10. A DOUBLB NEBULA in the center of Virgo's left wing ; R. A. 12h. 86m. 888. ; Dec. N. 
12* 26' 01". It is 6' west of Vendemlatrlx, toward Regulus, In a wonderful nebulous 
region. Map VIII., Fig. 46, shows it on the right, with two other nebulse, and several 
■tars in the figure. 

11. A PALB BLUPTiCAL MBBULA, in the middle of the left wing; R. A. 12h. 44m. 508. 
Dec. N. 12* 05' 09*. It looks like a paper kite^ under an arch formed by three teleacoplo 
stars. Blap. VIU., Fig. 47. 

12. A WONDERFUL NBBULOUS RBOioiT, about 2^* from north to south, and 8* ftrom east to 
west, is found on the left wing. It includes several of the ofajeota described. For a 
orawing of this remarkable field, see Map VIII., Fig. 43. 



CANES VENATIOI (the GEBYnouNDs).— MAP IV. 

166. This modern constellation, embracing two in one, waa 
made by Hevelius out of the unformed stars of the ancients 
which were scattered between Bootes on the east, and Ursa 
Major on the west, and between the handle of the Dipper on the 
north, and Coma Berenices on the south. 

These Hounds are represented on the celestial sphere as being In pursuit of the Qreal 
Bear, which Bootes is hunting round the pole of heaven, while he holds in his hand the 
leash by which they are fastened together. The northern one is called Attefion^ and 
the southern one, Cham. 



Tblwoopic OBJBCTS.—Alpha? Beta? Gamma? Pelta? Epsilon? What triple atari 
Nebula? Point out on the map. 

166. Situation of Canes Venatici ? By whom formed ? How reprcscr«t4.d ? NamM of 
Abounds? 
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167. The stars in this group are considerably scattered, ana 
are principally of the 5th and 6th magnitudes ; of the twenty- 
five stars which it contains, there is but one suflSciently large to 
engage our attention. Cor Caroli or Chark^ Hearty so named 
by Sir Charles Scarborough, in memory of King Charles the 
First, is a star of the 3d magnitude, in the neck of Chara, the 
southern Hound. 

When on the merilian, Cor CaroU is 17)^* direcUj B. of AlioUi, the third star in the 
handle of the Dipper, and is so nearly on the same meridian ttiat it culminates only onci 
minute and a half after it. This occurs on the 30th of May. 

A line drawn from Oor Caroli through Alioth will lead to the N. polar star. This star 
may also be readily distineruished by its being In a straight line with, and midway between 
Benetnasch, the first star in the handle of the Dipper, and Coma Berenices ; and also by 
the fact that when C<'r Caroli is on the meridian, Denebola bears 28" S. W. and Arcturiw 
86* S. B. of it, forming with these two stars a Tery large triangle, whose vertex is at the 
north ; it is also at the northern extremity of the large Diamond already described. 

The remaining stars in this constellation are too small and too much scattered to excite 
our interest. 

TELESCOPIC OBJECTS. 

1 A oouBLB STAR near Chara*s mouth ; R. A. 12h. 06m. 06s. ; Dec. N. 41* 88' 01'. A 6, 
vellow; B 9, blue, it is about 9* south of Cor CaroU, and one-third of the distance 
between that star and J Leonis. Map VIIL, Fig. 10. 

2. A M AONincKiT CLUSTER, between the southern Hound and the knee of Bootes ; B. A. 
18h. 84m. 45s. A splendid group, supposed to contain not less than 1,000 stars. Map 
Vm., Pig. 49. 

8. A PAIR or LUCID WHiTB MBBUL^ near the ear of the northern Hound ; R. A. I8h. 28m. 
06s. ; Dec. N. 48' 01* 07'. 

4. A LAROR BRIGHT MRBULA, 2^* north by west of Cor Caroli ; R. A. 12h. 48in. 28s. ; Deo. 
N. 41* 59' 07*. A fin-f pale-white otiject, compressed toward ttie center, and with iereral 
small stars in the field. 



CHAPTER YIIL 

CONBTEUJLTIONS ON THE MERIDIAN IN JUKI 

BOOTES (the bear driver).— MAP IV. 

168. The Bkar-Driver is represented by the figure of f% hunts- 
man in a running posture, grasping a club in his right hand, and 
holding up in his left the leash of his two greyhounds, Asteriou 
and Chara, with which he seems to be pursuing the Great Bear 
round the polo of the heavens. He is thence called Arcto- 
phylax, or the ** Bear-Driver." 

167. Describe the stars in this group? Cor CaroU? 

'rsLKacopic OaiiCTs.— What double star ? Show on the map f dusters f Point out or 
Uiemap? Nebula? 
ltl» DeHsribe Bootes? Why called tbe Bear-Driver ? 
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169. This constellation is situated between Corona Borealis 
on the east, and Cor Caroli, or the Greyhounds, on the wesl 
It contains fifty-four stars, including one of the 1st magnitude, 
seven of the 3d, and ten of the 4th. Its mean declination is 20*" 
v., and its mean right ascension is 212*^ ; its center is there- 
fore on the meridian the 9th of June. It may be easily distin- 
guished by the position and splendor of its principle star, Arcr 
turusy which shines with a reddish luster, rery much resembling 
that of the planet Mars. 

no. Arcturus is a star of the 1st magnitude, situated near 
the left knee, 26° S. E. of Cor Caroli and Coma Berenices, with 
which it forms an elongated triangle, whose vertex is at Arc 
turns. It is 35^° E. of Denebola, and nearly as far N. of Spica 
Virginis, and forms with these two, as has already been observed, 
a large equilateral triangle. It also makes, with Cor Caroli anti 
Denebola, a large triangle whose vertex is in Cor Caroli. 

A great variety of geometrical figures maj be formed of the itars in this bright region 
of the skies. For example : Cor Caroli on the N., and Spica Virginis on the S., constitute 
the extreme points of a very large figare in the shape of a diamond ; while Deneboia ou 
the W. and Arcturus on the E., limit the mean diameter at the other points. 

111. Arcturus is supposed by some to be nearer the Earth 
than any other star in the northern hemisphere. 

Fire or six degrees S. W. of Arcturus are three stars of the 8d and 4th magnitudes, 
lying in a curved line, about 3' apart, and a Utile l>elow the left knt*; of Bootes ; and 
about 7' E. of Arcturus are three or four other stars of similar magnitude, situated in 
the other leg, making a Urger curve N. and 8. 

It 2. MiraCy in the girdle, is a star of the 3d magnitude, 10° 
N. N. B. of Arcturus, and about 11^° W. of Alphaoca, a star in 
the Northern Crown. Seginns, in the west shoulder, is a star 
of the 3d magnitude, nearly 20° E. of Cor Caroli, and about the 
same distance N. of Arcturus, and forms with these two, a right- 
angled triangle, the right angle being at Seginus. The same 
star forms a right-angled triangle with Cor Caroli and Alioth, 
in Ursa Major, the right angle being at Cor Caroli. 

1*13. AUuituropSf situated in the top of the club, is a star of 
the 4th magnitude, about 10^° in an easterly direction from 
Seginus, which lies in the left shoulder ; and about 4^^° S. of 
Alkaturops is another star of the 4th magnitude, in the club, 
near the east shoulder, marked Delta, Delta is about 9^ dis- 
tant from Mirac, and 7J-° from Alphacca, and forms, with these 
two, a regular triangle. 

169. Ilow situated f How many stars, and their magnitude ? Declinationf Howdia* 
Jmjruished ? 170. Describe Arcturus, and its position f What triangles ? What dia 
•i;>nU? in. Supposed nearness of Arcturus? 172. Describe Mirac and Seginus 
^hat triangles? 178. Situation and magnitude of Alkaturops? Of DelUf 
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174. ifekkar is a star of the 3d magnitude, situated iu thb 
head, and is about 6*" N. E. of Seginus, and 5 * W. of Alkata* 
rops ; it forms, with Delta and Seginus, nearly a right angled 
triangle, the right angle being at Nekar. 

Tliese are the priucipal lUurt in this constellation, except the three stars of the 4tlk 
magnitude situated in the right hand. These stars may be known by two of them being 
close together, and about ft* beyond Benetnasch, the first star in the handle of the Dii^ 
|)er. About 0* E. of Benetnasch is another sUr of the 4th magnitude, situated in tlie 
arm which forms, with Benetnasch and the three in the hand, an equilateral triangle. 

175. The three stars in the left hand of Bootes, the first iu 
the handle of the Dipper, Cor Caroli, Coma Berenices, and 
Denebola, are all situated nearly in the same right line, ruDimi^ 
from northeast to southwest. 

** Bootes follows with redundant light; 
Fifty-four stars he boasts: one guards the Bear, 
Thence call'd ArcturuB^ of resplendent front, 
The pride of the^r«t order : eight are Teil'd, 
Inyisibje to the unaided eye." 

Maniuus thus speaks of this constellation : — 

** And next Bootes comes, whose orderM beams 
Present a figure driving of his teams. 
Below his girdle, near his knees, he bears 
The bright Arcturus^ fairest of the stars." 

116. Arcturus is mentioned by name in that beautiful passage 
in Job, already referred to, where the Almighty answers *'ont 
of the whirlwind," and says : — 

** Canst thou the sky's benevolence resU'ain, 
And cause the Pleiades to shine iu vain f 
Or, when Orion sparkles from his sphere, 
Thaw the cold seasons and unbind the year f 
Bid Mazzaroui His wonted station know. 
And teacii the brignt Arctarvs where to glow?'* 

Young^a Parapkrate, 
HISTORY. 

The ancient Qreeks called this constellation Lycaon — a name derived from Avko(, 
which signifies a wolf. The Hw'brews called ii Caleb ^7it«6ac^ the '* Barking Dog;" 
while the Latins, among other names, called it CkmiJt. If we go back to the time w^n 
Taurus opened the year, and when Virgo was the fifth of the sodiacal signs, we shall 
fiiid that brilliant star Arcturus, so remarkable for its red and fiery appearance, corres* 
ponding with a period of the year as remarkable for its heat. Pythagoras, who intro> 
duced tifie true system of the universe into Greece, received it from (Enuphis, a priest of 
On, in ^^pt. And this college of the priesthood was the noblest of the east, in cultlvat* 
ing the studies of philosophy and astronomy. Among the high honors which Pharaob 
conferred on Joseph, he ^*;ry wisely gave him in marriage " a daughter of the priest of 
On." The supposed era of the book of Job, in which AnUurua is repeatedly mentioned, 
is 1518 B. C. 

Bootes is supposed by some to be Icarus, the father of Erigone, who was killed by 
shepherds for intoxicating them. Others maintain that it is Erichthonius, the inventor 
of chariots. According to Grecian fable, as well as later authorities, Bootes was the ron 
of Jupiter and Calisto, and named Areas. Ovid relates, that Juno, being incensed at 
Japiter for his partiality to Calisto, changed her into a bear, and that her son Areas, who 
became a famous hunter, one day roused a bear in the chase, and not knowing that il 

174. Of Nekkar ? Any other stars f 175. What said of three stars in the hand uf 
Bootesf 176. What star in Bootes mentioned in the Scriptures? Poetic quotation ? 
UiOTOBT.^Oreek name of this constellation ? llebrew ? Grecian fable ? Ovid^ 
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ffu his mother, was about to kill h«r, when Jii|iiter snatchert than bMh «p (o h tail 
and placed then among the conateUaUoni. Met. b. ii. ▼. 4M-M9. 

** Vut now her aon had fifteen sammen told. 
Fierce at the chase, and in the forest bold ; 
When as he beat the woods in quest of prey, 
He chanced to rouse his mother where she lay. 
She knew her son, and kept him in her sight. 
And fondly gased : the boy was in a fright. 
And aim'd a pointed arrow at her breast; 
And Would have slain his mother in the beast: 
But Jove forbade, and snatch*d them through the air 
In whirlwinds up to heaven, and fix*d *em Uiere ; 
Where the new constellations nightly rise, 
And add a luster to the northern skies.*' 

Garth'9 TranttaUm, 
Lucas, In his Pharaalia^ says-- 

** That Brutus, on the busy times Intent, 
To virtuous Cato*8 humble dwelling went, 
*Twa8 when the solemn dead of night came on, 
When bright Caiiato^ wUkher thininff Mm, 
Now half that circle round the pole had run.** 

This constellation is caUed JBSootos, says Cicero {yai. Deo, lib. U. 4XU from a Qr«th 
word signifying a wagoner, or ploughman ; and sometimes Arelophfiam trom two Orccfc 
words signifying bear-keeper or bear-driver. 

** Arctophylaz, vulgo qui dicitur esse Bootes, 
Quod quasi temone adjunctum prss se quatit Arctum.** 

The stars in this region of the sUes seem to have attracted the admiration of aloioal 
nil the eminent writers of antiquity. Glaudian observes, that 
** Bootes with his wain the north unfolds ; 
The southern gate Orion holds.*' 
And Aratos, who flourished nearly 800 years before Claudlan, says, 
** Behind, and seeming to urge on the Bear, 
A'*ctophylax, on e.irth Bootes named, 
Sheds o*er the Arctic car his silver light.** 
This is the poet whom St. Paul refers to when he tells the Athenians, Acts xvil. S8, that 
•* some of their own poets have said, • Tow yap Kat yevoz efffiev :* For we are also 
his offspring.** These words are the beginning of the oth line of the '• Phenomena '* of 
Aratns, a celebrated Greek poem written in the reign of Ptolemy Philadelphus, two 
thousand one hundred years ago, and afterward translated into Latin verse by Cicero. 
Aratus was a poet of St. Paul's own country. The apostle borrows again f^om the same 
poet, both in his Epistle to the Galatians, and to Titus. The mfffect of the poem was 

5 rand and interesting : hence we find it referred to In the writings of St. Clement, St 
eromc, St. Chrysostom, (Ecumenius, and others. As this poem describes the nature and 
motions of the stars, and the origin of the constellations, and is, moreover, one of the 
oldest compositions extant upon this interesting 8ut\)ect, the author has taken some 
oains to procure a Poly^ot copy from Oermany^ together with the Astronomieon of 
Manilius, and some other works of similar antiquity, that nothing should be wanting on 
his part which could iropnrt an interest to the study of the constellations, or illustrate 
the frequent allusions to them which we meet with in the Scriptures. 

Dr. Doddridge says of the above quotation, that ** these words arc well known to he 
found in Aratus, a poet of Paul's own country, who lived almost 8<M) years before the 
apostle's time ; and that the same words, with the alteration of only one letter, are to 
be found In the Hymn of Cleanthes^ to Jupiter, the Supreme God; which is, beyond 
comparison, the purest and finest piece of natural religion^ of its length, which I knoi» 
in the whole wor'd of Pagan antiquity; and which, so far as I can recollect, contains 
nothing unworthy of a Christian, or, I had almost said, of an inspired pen. The apostle 
mifrtit perhaps refer to Cleanthes^ as well as to his countryman Aratus.** 
Many of the elements and fables of heathen mythology are so blended with the 

account f Lncan and Cicero? Claudlan? Aratus? Who was Aratus? What remark 
able quotation * Remark of Doddridge ? What other passage cited by St. Paul ? Froii 
A'lkMnf 
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Inspired writings, that they most needs be studied, more oi tess, in order to have & mon 
proi>er understanding of numerous passages both in the Oid and New Testament. 

The great apostle of the Gentiles, in uttering his inspired sentiments, and in penning 
his epistles, often, refers to and sometimes quotes verbatim from the iistinguished writera 
who preceded him. 

Thus, In I Cor. xv. 88, we have ** Urj irXavaiOe ' * ^deipovmv fjdrf XPV<^ OfuXia. 
tcaKai.* Be not deceived; evil communications corrupt good manners;" which is a 
Iteral quotation by the apostle from the Thais of Menander, an inventor of Greea 
tomedy, and a celebrated Athenian poet, who flourished nearly 400 years before the 
apostle wrote his epistle to the Corinthians. Thus Paul adopts the sentiment of the 
somedian, and it becomes hallowed by ^* the divinity that stirred within him." Tertul- 
iian remarks, that " in quoting this, the apostle hath sanctified the poet's sentiment.** 

TELESCOPIC OBJECTS, 

t. a Boons (Arcturw))—A doublb stxb ; R. A. 14h. 08m. 228. ; Dec. N. 20* 00' 9". A 1, 
teddish yellow ; B 11, lilac. 

2. 3 BodTis {Nekkar) — A star with a distant companion in the head of the figure ; R. A* 
14h. 56m. 558. ; Dec. N. 41* 01' 6'. A 8, golden yellow : B 11, pale grey. 

8. (9 BooTis— A star with a distant companion in the left shoulder ; R. A . 15h. 09m. 08s.; 
Dec. N. 88* M' 9'. A 8H, pale yellow ; B BJi, light blue. 

4. E BooTia {Mrac)—k doublb star in the left hip ; R. A. 14h. 88m. OOs. ; Dec. N. 2T* 
i5' 1'. A 8, pale orange ; B 7, sea green. A lovely olitJect^-colors distinct, and strongly 
contrasted. 

5. ^ BooTis— A close doublb star on the left leg ; R. A. 14h. 88m. 81s. ; Dec. N. 14* 26' 
1'. A 8J<, bright white ; B 4H, bluish white. 

6. 7/ BooTis {Mufride) — A star with a distant companion on the right leg ; R. A. 18h. 
47m. 048. ; Dec. N. 19" 12' 0'. About 5)i* west by south of Arcturus. A 3, pale yellow ; 
B 10 )i, lilac. 

7. L BooTis— A DBLiCATE TRiPLB STAR in the right hand (Mi^ YI.) ; R. A. 14h. IQm. 80b.; 
Dec. N. 52» 06' 4\ A and B 4J6, pale yellow ; C S, creamy white. 

8. ^ BodTi»— A BiMART STAR on the left knee ; R. A. 14h. 44m. 00a. ; Dec. N. 19' 46' 1' 
A 8>i, orange ; B 6>i{, purple. Supposed period 400 years. 

9. A RICH GROUP of stars in the vicinity of Arcturus, and surrounding that star. BAay 
he seen with small telescopes. Map VIII., Fig. 50. 

10. A PALE WHiTB NEBULA in a ncbulous field, 6* north northeast of Alkaid ; R. A. 
i3h. 67m. 81s.; Dec. N. 56* 08' 8*. About 5' southeast of Jfisor. A difficult object 
except with a good instrument. 

11. A WHITB ROUND NBBULA near the right shoulder ; R. A. 14h. 11m. 448. ; Dec. N. 87* 
14' 4*. Pale, except at the center— telescopic stars in the field. 

NOOTA (THE OWL).— MAP IV. 

177. This small asterismis situated between the feet of Virgo, 
on the north, and the tail of Hydra, on the south. It has but few 
stars, and those only of the 5 th and 6th magnitudes. It is often 
omitted altogether from the constellations. 



OEOTAURUS (the oentatje).— MAP IV. AND VH. 

IT 8. This fabulous monster is represented by the figure of a 
roan, terminating in the body of a horse, holding a wolf at flrra'fc 

TblescopicObjbcts.— Alpha? Beta' Delta? Epsilon? Zetaf Etaf lotaf JClf 
What rich group ? Point out on the mnp. What nebulse f 
177. Describe Nocta, its situation, stars, Ac. 
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length in one hand, while he transfixes its body with a spear in 
the other. 

Although this constellation occupies a large space iu iha 
southern hemisphere, yet it is so low down that the main part 
of it cannot be seen in our latitude. It is situated south of 
Spica Yirginis, with a mean declination of 60". It contains 
thirty-five stars, including two of the 1st magnitude, one of the 
2d, and six of the 3d ; the brightest of which are not visible in 
the United States. 

119. Theta is a star of between the 2d and 3d magnitude, in 
the east shoulder, and may be seen from this latitude, during the 
month of June, being about 27° S. by E. from Spica Virginis, 
and 12° or 13° above the southern horizon. It is easily recog- 
nized in a clear evening, from the circumstance that there is no 
other star of similar brightness in the same region, for which it 
can be mistaken. It is so nearly on the same meridian with 
Arcturus that it culminates but ten minutes before it. 

IgUi is a star of between the 4th and 5th magnitude, In the west shoulder, 9H* W. of 
Theta. It is about 26* almost directly south of Spica Virginis, and is on the meridian 
nearly at the same time. 

ifu and iPa are stars of the 4th magnitude, in the breast, very near together, and form 
ft regular triangle with the two stars in the shoulders. 

A few degrees north of the two stars in the shoulders, are four small stars in the head. 
The relative position of the stars in the head and shoulders is very similar to that of the 
stars in the head and shoulders of Orion. 

HISTORY. 

Centaurs, in mythology, were a kind of fabulous monsters, half men and half horses. 
Hiia fable is, h* wpver, differently interpreted; some suppose the Centaun to have been 
a body of shepherds and herdsmen, rich in cattle, who inhabited the mountains of Arca- 
dia, and to whom is attributed the invention of pastoral poetry. But Plutarch and Pliny 
are of opinion that such monsters have really existed. Others say, that under the reign 
ot Ixion, king of Thessaly, a herd of bulls ran mad, and ravaged the whole country, 
rendering the mountains inaccessible ; and that some young men, who had found the art 
3f taming and mounting horses, undertook to expel these noxious animals, which they 
pursueii on horseback, and thence obtained the appellation of CenUturs. 

This success rendering them insolent, they insulted the Lapithte, a people of Thessaly ; 
and because, when attacked, they fled with great rapidity, it was supposed that they 
were half horses and half men ; men on horses being at that period a very uncommon 
%ht, and the two appearing, especially at a distance, to constitute but one animal. So 
^e Spanish cavalry at first seemed to the astonished Mexicans, who imagined the horso 
:md his rider, like the Centaurs of the ancients, to be some monstrous animal of a ter- 
riWe form. 

The Centaurs, in reality, were a tribe of Lapithse, who resided near Mount Felion, and 
^8t invented the art of breaking horses, as intimated by Virgil. 

** The LapithsB to chariots add the state 
Of bits and bridles ; taught the steed to bound 
To turn the ring, and trace the mazy ground ; 

. To stop, to fly, the rules of war to know ; 
To obey the rider, and to dare the foe.*» 

Centaums is so low down in the south that it would be of no service to describe its tele 
scopic objects. 



178. How is Centanrvs represented ? Its situation f Number of stars, 43. f 1T9. Theta 
lota, Mu, Nu, Ac. ? 
H18TORT .—What was Centaurus ? Diffe -ent opinions f 
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LUPUS (THE WOLF).— MAPS V. AND VII. 

180. This constellation is situated next east of the Centanr, 
and south of Libra ; and is so low down in the southern hemi- 
sphere, that only a few stars in the group are visible to as. It 
contains twenty-four stars, including three of the 3d magnitude, 
and as many of the 4th ; the brightest of which, when on the 
meridian, may be seen in a clear evening, just above the southern 
liorizon. Their particular situation, however, will be better 
♦raced out by reference to the map than by written directions. 

The most favorable time for observing this constellation is 
toward the latter end of June. 

mSTORT. 

This constellation, according to fkble, Is Ljcaon, king of Aroftdta, who Ured abontSOOO 
years ago, and was changed inro a wolf by Jupiter, because he offered human victims on 
tlie altars of the god Pan. Some attribute this metamorphosis to another cause. The 
sins of mankind, as they relate, had become so enormous, that Jupiter visited the earth 
to punish its wiclcedness and impiety. He came to Arcadia, where he was announced as 
a god, and the people began to pay proper adoration to his divinity. Lycaon, however, 
who used to sacrifice all strangers to his wanton cruelty, laughed at the pious prayers 
of his subtjects, and to try the divinity of the god, served up human flesh on his table. 
This impiety so offended Jupiter, that he immediately destroyed the hoase of I^caon, 
and changed him into a wolf. 

** Of these he murders one ; he boils the flesh, 
And lays the mangled morsels in a dish ; 
Some part he roasts ; then serves it up so dres8*d. 
And bids me welcome to his human feast. 
Moved with disdain, the table I overturned, 
And with avenging flames the palace burn'd. 
The tyrant in a fright for shelter gains 
The neighboring fields, and scours along the plains : 
Howling he fled, and fain he would have spoke. 
But human voice his brutal tougus forsook. 
His mantle, now his hide, w'th rugged hairs, 
Cleaves to his back : a famishM face he bean ; 
His arms descend, his shoulders sink away 
To multiply his legs for chase of prey ; 
He grows a wo\t,"—Ovid. Met. B. L 

TELESCOPIC OBJECTS. 

1. a LUFt — A star with a distant companion, in the tail of Lupus; R. A. 6h. !Oa. 
4l)t. ; Dec. S. IT* 66' 6'. A 8)^, pale yellow ; B 9 J6, grey. To find, draw a lino from € 
the central star of Orion's belt, through 6 and its nebulous patch on the »word, aa 1»« 
down, and Sirins, and you meet a Lupi. 

2. Lupi— A dodblb star ; R. A. 5h. Sim. S8a. ; Dec. S. 20* 53' 5*. A 4, deep yel- 
low; B 11, blue. 

8. y Lopi— A wide triplb star in a barren field ; R. A. 6h. 87ra. 4Ss. ; Dec. 8C* 
80' 2' A 4, light yellow ; B 6)^ , pale gre4>n ; C 18, dusky- A line irom 6 Orionis th'^on^ 
the second cluster, and carried 16* beyond, falls upon it. 

4. A bright stnxAB nbbdla, of a milky white tinge ; R. A. 5h. 17m. OOs. Dec. S. H* 
89' 9*. A fine ohject biasing towards the centre. 

i8G. Situation of Lupus Number and magnitude of its stars T Best time to observe 
History. — What was Lupus originally? Why changed and by whom? DescriltfJ hi 
that poef? 
TiUisooPioOBJi pre.— Alpha? Beta? Qamma? WhatNebulu? 
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LIBRA (the soalbs).— map IY. AND V. 

181. This is the seventh sign, and eighth constellation, firoiii 
the Ternal equinox, and is situated in the Zodiac, next east of 
Yirgo. 

The sun enters this sign, at the autumnal equinox, on the 23d 
of September ; but does not reach the constellation before the 
21tb of October. When the sun enters the sign Libra, the 
days and nights are equal all over the world, and seem to 
observe a kind of equilibrium, like a balance. 

When, however, it is said that the rernal and autumnal eqnlnozei are in Aries and 
Libra, and the tropics in Cancer and Capricorn, it must be remembered that the »iffn$ 
Aries and Libra, Cancer and Capricorn, and not the constellations of these names, are 
meant : for the equinoxes are now in the constellations Pisces and Virgo, and the tropics 
hi Gemini and Sagittarius ; «acA oonstelkMon Jiatfing gone /brwara <m4 Hgn in tJU 

About 22 centuries ago, the constellation Libra coincided with the t(ffn Libra ; but 
having^ advanced 80* or more in the ecliptic, it is now in the Hgn Scorpio, and the con- 
stellation Scorpio is in the sign Sagittarius, and so on. 

While Aries is now advanc^'d a whole sign above the equinoctial point into north decli- 
nation. Libra has descended as far below it into south declination. 

182. Libra contains fifty-one stars, including -two of the 2d 
nagnitude, two of the 3d, and twelve of the 4th. Its mean 
declination is 8° south, and its mean right ascension 226°. Its 
center is therefore on the meridian about the 22d of June. 

It may be known by means of its four principal stars, forming 
a quadrilateral figure, lying northeast and southwest, and 
having its upper and lower corners nearly in a line running north 
and south. The two stars which form the N. E. side of thu 
square, are situated about 7° apart, and distinguish the Northern 
Scale. The two stars which form the S. W. side of the square 
are situated about 6° apart, and distinguish the Southern Scale. 

Zt{l>&ne9cAamaU, in the Southern Scale, about 21* E. of Spica, and 8* E. of Lambda 
Viri^nis, is a star of the Sd magnitude, and is situated very near the ecliptic, about 42 >iS* 
E. of the autumnal equinox. The distance from this star down to Theta Centauri is 
about 28*, with which, and Spica Virginis, it forms a large triangle, on the right. 

ZubsHslgenutbi^ the uppermost star in the Northern Scale, is also of the 2d magnitude, 
9^* at>ove Zubene&chamall, toward the northeast, and it comes to the meridian about 
twenty-six minutes after it, on the 28d of June. Zubenelgemabi is the northernmost of 
the four bright stars in this figure, and is exactly opposite the lower one, which is 11* 
south of it. 

Zubenhakrahi is a star of the 3d magnitude in the Northern Scale, 7* S. E. of Zubenel- 
gemabi, and nearly omMsite to Zubeneschamali, at the distance of 11* on the east, 
tliese two make the diagonal of the square east and west. 

Iota is a star of the 4th magnitude, and constitutes the soutf ernmost corner of the 
square. It is about 6° S. E. of Zubeneschamali, and 11* S. of Zuuenelgemabi, with which 
it forms the other diagonal north and south. 

ZebenelguH is a star of the 8d magnitude, situated below the Southern Scale, at tho 

181. Order and situation of Libra? What circumstance suggesting a balance? What 
remarks respecting the distinction between the signs and the constellations? 182. Num- 
ber of stars in Libra ? Its mean declination ? Right ascension ? When on the meri- 
dian? How may it be known? Describe the four stars. Closing renuurks ? 
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diatance of 6* from Iota, and marks the southern limit of the Zodiac. It is situated! In a 
right line wHh, and nearlj midway between 8pica Virginia and Beta Scorpionis : and 
comes to the meridian nearly at the same moment with Nelckar, in the head of Boutea. 

The remaining btara in this constellation are too small to engage attention. 

The scholar, in tracing out this constellation in tlte heavens, will perceive that Lambda 
and Mu, which lie in the feet of Virgo on the west, form, with ZabeneachamaH and 
Zubenelgemabi, almost as hundsome and perfect a figure, aa the other two atara in thu 
Balance do on the eaat. 

HISTORY, 

Virgo was the goddess of Justice, and Libra, the scales, which she ta oaaally respre- 
sented as holding in her left hand, are the appropriate emblem of her oiBce. 

The Libra of the Zodiac, says Maurice, in his Indian Antiquities, is perpetually aeen 
upon all the hieroglyphics of Egypt ; which is at once an argument of the great antiquity 
of this asterism, and of the probability of its having ueen originally fabricated by the 
astronomical sons of Misraim. In some few sodiacs, Astrsca, or the virgin who holds the 
balance in her hand as an emblem of equal Justice, is not drawn. Such are the zodiacs 
of Esne and Dendera. Humboldt is of opinion, that although the Rmuans introduced 
*his constellation into their sodiao in the reign of Julius Caesar, still it mii^t have been 
used by the Egyptians and other nations of very remote antiquity. 

It is generally supposed that the figure of the balance has been used by all nations to 
denote the equality of the days and nights, at the period of the son's arriving at thia 
sign. It has also been observed, that at this season there is a greater oniformity in tb^ 
temperature of the air all over the earth's surface. 

Others affirm, that the beam only of the balance was at first placed among the alara, 
and that the Egyptians thus honored it aa their NUnmeUr^ or instrument by which they 
meaaured the inundationa of the Nile. To this custom of meaaaring the waters of the 
Nile, it ia thought the prophet alludea, when he describes the Almi^ty as meaturinif 
th« vxUers in the hollow o/hie hand.—lss^. xl. 12. 

The ancient husbandmen, according to Virgil, were wont to regard this sign as indi 
€ftting the proper time for sowing their winter grain : — 

^ But when Astraea'a balance, hung on high. 
Betwixt the nighta and days divides the sky. 
Then yoke your oxen, sow your winter grain. 
Till cold December comes with driving rain.** 

The Greeks declare that the balance was placed among the stars to perpetuate th« 
memory of Mochus, the inventor of weights and measures. 

Those who refer the constellations of the Zodiac to the twelve tribes of Israel ascrfii^ 
the Balance to Aaher. 

TELESCOPIC OBJECTS. 

1. a Libra— A wide doublb star ; R. A. 14h. 42m. 02s. ; Dec. 8. 15* 22' 8'. A 8, pal9 
yeilow ; B 6, light grey. Carry a Hne from Arcturus te ^ca ; and from thence a rect- 
angular one about 22" to the eastward. 

2. /^ LiBRiB— A loose double star ; R. A. 15h. OSm. 24s. ; Bee. S. 8* 4T' 4'. A 2)^, pale 
emerald ; B 12, light blue. 

8. ^ LiBRi&— A fine tkiplb star, between Libra and the right leg of (^hinchoa, 16* from 
Antares, towards Serpentis; R. A. 15h. 55m. 35s.; Dec. 8. 10*55' 6*. A 4k i bright 
white ; B 5, pale yellow ; C 7 J6, grey. Map VIH., Pig. 11. 

4. A CLOSB cluster, over the beam of the Scales ; R. A. 15h. 10m. 26s. ; Dec. N. 2* 41' 8*. 
A superb object, with a bright central blaze, and outlines in all directions. Map DC., 
Pig. 51. Appears nebulous through small instruments. 

5. A large couprbssbd cluster of minute atara ; R. A. 15h. 08m. 068. ; Dec 8. 20* 26' T*. 
rsdnt and pale. 

HiSTOBT. — Who was Virgo, Ac. f Remark of Maurice f What general suiHpoaitionf 
URiat other explanations? 
iBUBOOPio Objects.— Alpha? Betot What triple star? Map? dustctiand Map? 



Digitized by Google 



CRPEN8. 



SERPENS (the serpent).— plate V. 

183. There are no less than four kinds of serpents placed 
among the constellations. The first is the Hydra, which is situ- 
ated south of the Zodiac, below Cancer, Leo and Virgo ; the 
oecond is Hydras, which is situated near the south pole; the 
third is Draco, which is situated about the north pole ; and the 
fourth is the serpent called Serpens Ophiuchi, and is situated 
chiefly between Libra and Corona Borealis. A large part of 
this constellation, however, is so blended with Ophiuchus, the 
Serpent-Bearer, who grasps it in both hands, that the concluding 
description of it will be deferred until we come to that constel- 
lation. 

** The Serpens Ophiuchi windf his spire 
Immense : fewer bj ten his figure trace: 
One of the second rank ; ten shun the sight : 
And seven, he who bears the monster hides.'* 

184. Those stars which lie scattered along for about 25°, in a 
serpentine direction between Libra and the Crown, mark the 
\>ody and head of the Serpent. 

About 10° directly S. of the Crown there are three stars of 
the 3d magnitude, which, with several smaller ones, distinguish 
the head. 

186. UntiJc, of the 2d magnitude, is the principal star in this 
constellation. It is situated in the heart, about 10° below those 
in the head, and may be known by its being in a line with, and 
between, two stars of the 3d magnitude — ^the lower one, marked 
EpsUon, being 2^°, and the upper one, marked Delta, about 6^° 
from it. The direction of this line is N. N. W. and S. S. E 
Unuk may otherwise be known by means of a small star, just 
above it, marked Lambda, 

In that part of the Serpent which lies between Oorcna Borealis and the Scales, about 
\ ^»en stars may be counted, of which five or six are conspicuous, 
'or the remainder of this constellation, the student is referred to Serpen tarins 
** Vast as the starry Serpent, that on high 
Tracks the dear ether, and divides tlie sky, 
And southward winding from the Northern Wain. 
Shoots to remoter spheres its glittering train." —Statiua, 

HISTORY. 

The Hivites, of the Old Testament, were worshipers of the Serpent, and were calk J 
(^Uee. The idolatry of these Ophites was extremely ancient, and was connected with 

18S. How many serpents among the constellations? Describe each. Which here 
referred to? Is it fully described ? 184. What stars mark the body and head f 185. 
Name th^ principal star. Where situated and how known 7 

iliSTosi —What said of the Hivitest Tradition respecting Ophiuchus f Supposed 
e Tipture reference ? 
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'fiabMMH^ or the worship of the host of hearen. The heresy of the Opuites, meatioiied 
by Mosheim, In his Ecclesiastical U^story, originated, perhaps, in the admissicm into the 
Onristian church of some remnant of the ancient and popular sect of Sabeista, who 
adored the celestial Serpent. 

According to ancient tradition, Ophiuchus Is the celebrated physician iBscoIapius, s<hi 
of Apollo, who was instructed in the healing art by Chiron the Centaur ; and the ao^ 
pent, which is here placed in his hands, is understood by some to be an emblem of his 
sagacity and prudence ; while others suppose it was designed to denote bis skill in heal- 
ing the bite of this reptile. Biblical critics imagine that ;his constellation is alluded to 
in the following passage of the book of Job : — 

*' By his spirit He hath garnished the Heavens ; his hand hath formed the crooked ser- 
pent." Mr. Green supposes, however, that the inspired writer here refers to Draco 
because it is a more obvious constellation, being nearer the pole where the constellation, 
were more universally noticed ; and moreover, because it is a more ancient constellation 
tliaii the Serpent, and the hieroglyphic by which the Egyptians usually represented the 
heavens. 

TELESCOPIC OBJECTS. 

1. a SuLrmm (Unttky—k star with a minute companion on the heart of the Serpent; 
R. A. I5h. 8«m. 288. ; Dec. N. «* 55' 9'. A 2)^, pale yeUow ; B 15, fine blue. An extremely 
delicate object. 

2. li Sbkpbntis— A delicate doublk stab in the Serpent's under jaw; R. A. 15h. 83ra. 
43s. ; Dec. N. 15* 55' 7'. A BH, and B 10, both pale blue. 

8. 6 Skrpbntis — ^An elegant doublk stab in the bend of the neck ; R. A. 15h. 27m. IQs. ; 
Dec. N. 11* 04' 7'. A 8, bright white ; B 5, bluish white. A fine object, about 6* N. W. 
of Unak. 

4. 1] Sbrpemtis — A star with a minute companion in the Serpent's body, nearly midway 
Detween r/ Ophiuchi and a Aquilse; R. A. 18h. 18m. 028. ; Dec. 8. 2" 56' 0*. A 4, golden 
yellow ; B 18, pale lilac. A delicate and difficult object. 

5. V Skbpbntis — A wide doublb stab in the middle of the Serpent, 4* northeaat of fj i 
R. A. 17h. 11m. 49s.; Dec. S. 12* 40' 7'- A 4)^, pale sea-green; B 9, lilac, with a third 
star in the field. 

4. A delicate doubli stab* R. A. 15h. 11m. 08s. ; Dec. N. 2* 22' 6*. A 5^, pale yeDow 
B 10)^, light grey. Look 9' southwest of a Serpentis, 24* southeast of Arcturus. 



C50R0NA BOREALIS (the noethebn crown).— MAP V. 

186. This beautifal constellation may be easily known by 
means of its six principal stars, which are so placed as to form 
a circular figure, very mu'th resembling a wreath or crown. It 
is situated directly north of the Serpent's head, between Bootes 
5n the west, and Hercules on the east. 

This asterism was known to the Hebrews by the name of At<ircih^ and by this nam«i 
the stars in Corona Borealis are called, in the East, to this day. 

18t. Alphaa/ij of the 2d magnitude, is the brightest and 
middle star in the diadem, and about 11® E, of Mirac, in Bootes. 
It is very readily distinguished from the others both on account 
of its position and superior brilliancy. Alphacca, Arcturus, and 
Seginus, form nearly an isosceles triangle, the vertex of which is 
at Arcturus. 

Tblkscopio Objects.— Alpha? Beta? Delta? Eta? Nu? Ac. 
186. Uow may Corona Borealis be known? Where situated? lU 
iSr. Describe Alphaoca? How distinguished? What triangle? 
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188. This constellation contains twenty-one stars, of which 
only six or eight are conspicuous ; and most of these are not 
larger than tbe 3d magnitude. Its mean declination is 30"^ 
north, and its mean right ascension 235° ; its center is therefore 
on the meridian abont the last of June, and the first of J uly. 

** And, near to ffeUos^ tttalKent nju 
Beam, Ariadne^ from thy starry crown: 
Tkoeaty and one her stars ; but eight alon« 
Conspicuous ; one doubtful, or to claim 
The second order, or accept the third." 

HISTORY. 

This beaatiful little cluster of stars is said to be in commemoration of a crown pre- 
sented by Bacchus to Ariadne, the daughter of Minos, second Icing of Crete. Theseus, 
Icing of Athens (1285 B. C), was shut up in the celebrated labyrinth of Crete, to be 
devoured by the ferocious Minotaur which was confined in that place, and which usually 
fed upon the chosen young men and maidens exacted from the Athenians as a yearly 
tribute to the tyranny of Minos ; but Theseus slew the monster, and being furnished with 
a clew of thread by Ariadne, who was passionately enamored of him, he extricated 
himself from the difficult windings of his confinement. 

He afterward married the beautiful Ariadne according to promise, and carried her 
away ; but when he arrived at the island of Naxos, he deserted her, notwithstanding he 
had received Arom her the most honorable evidence of attachment and endearing tvnder- 
ness. Ariadne was so disconsolate upon being abandoned by Theseus, that, as some say. 
«he hanged herself; but Plutarch says that she lived many years after, and was espoused 
to Bacchus, who loved her with much tenderness, and gave her a crown of seven start 
which, after her death, was placed among the stars. 

** Resolves, for this the dear engaging dame 

Should shine forever in the rolls of fame ; 

And bids her crown among the stars be placed. 

And with an eternal constellation graced. 

The golden circlet mounts; and, as it flies, 

Its diamonds twinkle in the distant skies ; 

There, in their pristine form, the gemmy rays 

Between Alcides and the Dragon blaze." 

ManUias, in the first book of his Astronomicony thus speaks of the Crown. 
" Near to Bootes the bright crown is view'd, 
A.nd shines with stars of different magnitude : 
Or placed in front above the rest displays 
A vigorous light, and darts surprising rays. 
This shone, since Theseus first his faith betray'd. 
The monument of the forsaken maid." 

TELESCOPIC OBJECTS. 

. a Corona Borbalis {Alphaccay—K bright star with a distant companion ; R. A 
IMi. 27m. Ms. ; Dec. N. 27" 15' 2'. A 2, brilliant white; B 8, pale violet. 

2. y CoRON-fi BORBALB— A most difficult BINARY STAR, 2H' from Alphacca; R. A. 15h. 
8<>m. 01s. ; Dec. N. 26" 4S' 4"; with a distant companion. A 6, flushed white; B, uncer- 
tain ; G 10, pale lilac. 

d. C Corona Borealis — ^A fine double star, 10* north and a little easterly frooi Alphacca ; 
R. A 15h. 88m. 21s. ; Dec. N. 37* 09' 6'. A 5, bluish white ; B 6, smalt blue A beauti- 
ful c 5ject. ^ 

4. Ti COROXA BoRBALis — A BINARY STAR, midway between the Northern Crown and the 
club ?f Bootes ; R. A. 16h. 16m. 86s. ; Dec. N. 80* 62' 2". A north-northwest ray from a 
C^roDsa, through /?, and half as far again, will hit it. A 6, white ; B 6}$, golden yellow. 

18S. How many stars in this constellation? Their magnitudes f Mean dc c Un at toc 
and right ascension ? 
■ History.— Story re%)ecting Theseus and Ariadne? 

TsLBSOOPic Objscts. — Alpha? Gamma? Zeta? Eta? 
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Mr John Hertehel eonilder«d thii the most renuurkable binarj star known, and tiie oo^ 
one that had completed a whole rerolatlon linoe its dUcorery. Eatimated period 4n 
7«artt. 



URSA MINOR (THE LUSBB bbab).— MAP VI. 

189. This constellation, though not remarkable in its appear 
ance, and containing bat few conspicnoas stars, is, nevertheless, 
justly distinguished from all others for the peculiar advantage 
which its position in the heavens is well known to aflford to nau- 
tical astronomy, and especially to navigation and surveying. 

The stars in this group being situated near the celestial pole, 
appear to revolve about it, very slowly, and in circles so smaU 
as never to descend below the horizon. Hence Ursa Minor will 
be above or below, to the right or left of the pole star, accord- 
ing to the hour; as he makes the entire circuit from east to west 
every 24 hours. 

190. In all ages of the world, this constellation has been more 
universally observed, and more carefully noticed than any other, 
on account of the importance which mankind early attached to 
the position of its principal star. This star, which is so near the 
true pole of the heavens, has from tirae immemorial been deno- 
minated the North Polar Star. By the Greeks it is called 
Cynosyn ; by the Romans, Cynosnra, and by other nations, 
Alrnccahah, In most modern treatises it bears the name of Po- 
laris, or Alpha Polaris. 

191 Polaris is of the 3d magnitude, or between the 2d and 
3d, and situated a little more than a degree and a half from the 
true pole of the heavens, on that side of it which is toward Cas- 
siopeia and opposite to Ursa Major. Its position is pointed out 
by the direction of the two Pointers, Merak and Dubhe, which 
lie in the square of Ursa Major. A line joining Beta Cassio- 
peiae, which lies at the distance of 32° on one side, and Megrez, 
which lies at the same distance on the other, will pass through 
the polaj star. 

Of the Pole Star Gapt. Smjrth observes : At present it is only 1* 83' from the polar point, 
•uid by its northerly precession in declination will gradually approach to within 26' 80* 
Df it. This proximity to the actual pole will occur in A. D. 2095, but will not recur for 
12,860 years. The period of the revolution of the celestial equinoctial pole about the 
pole of the ecliptic, is nearly 26,000 years ; the north celestial pole, therefore, will be 
y^out 18,000 years ; hence, nearly 49* from the present polar star. 



189. For what is Ursa Minor distinguished ? What said of its situation and change oi 
>osition? 190. What said of the notice taken of it? Position of its principal starf 
(is Greek and Latin names, Ac.? 191. Describe Polaris f How found? Kvraar^ oi 
Capt. Smyth respecting? 
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192. So p^eneral is the popular notioD, that the North Polar 
Star is the true pole of the world, that even surveyors and navi- 
gators, who have acquired considerable dexterity in the use ol 
the compass and the quadrant, are not aware that it ever had 
any deviation, and consequently never make allowance for any. 
All calculations derived from the observed position of this star, 
which are founded upon the idea that its bearing is always due 
north of any place, are necessarily erroneous, since it is in this 
position only twice in twenty-four hours ; once when above, and 
once when below the pole. 

193. Hence, it is evident that the surveyor who regulates hia 
jompass by the North Polar Star, must take his observation 
when the star is on the meridian, either above or below the pole, 
or make allowance for its altered position in every other situa- 
tion. For the same reason must the navigator, who applies his 
quadrant to this star for the purpose of determining the latitude 
he is in, make a similar allowance, according as its altitude is 
greater or less than the true pole of the heavens ; for we have 
8een that it is alternately half the time above and half the time 
helow the pole. 

194. The method of findmg the latitude of a place from the 
altitude of the polar star, as it is very simple, is very often 
resorted to. Indeed, in northern latitudes, the situation of this 
star is more favorable for this purpose than that of any other of 
the heavenly bodies, because a single observation, taken at any 
hour of the night with a good instrument, will give the true lati- 
tude, without any calculation or correction, except that of its 
polar aberration. 

If the poUr star always occupied that point in the heavens which Is directly opi -^Aite 
the north pole of the earth, it would be easy to understand how latitude could be deter- 
mined from it in the northern hemisphere ; for in this case, to a person on the equator, 
the poles of the world would be seen in the horizon. Consequently, the star would 
Appear Just visible in the northern horizon, without any elevation. Should the person 
Qow travel one degree toward the north, he would see one degree below the star, and hb 
would think it had risen one degree. 

And since we always see the whole of the upper hemisphere at one view, when there 
h nothing in the horison to obstruct our vision, it follows that if we should travel 10* 
north of the equator, we should see just 10* below the pole, which would then appear to 
have risen 10" ; and should we stop in the 42d degree of north latitude we should, in like 
manner, have our horizon just 42* below the pole, or the pole would appear to have an 
elevation of 42*. Whence we derive this general truth : 7%e elwatian of the pole of 1h6 
equator is ahoays eqtuU to the latitude of the place of observation. 

Any instrument, then, which will give us the altitude of the north pole, will give ut 
also the latitude of the place. 

7^ method of illustrating this phenomenon, is given in most treatises on the globe, 

IW. What pdpular error? 193. When is the pole star a safe guide for the surveyoi 
or mariner? What allowances should be made by each? 194. What said of flndADg 
'the latitude by obserratioDS upon the pole star? What general rule lUted? MTha' 
rrr*^ ommitted f 
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und a I adopuid by teachers generallj, is to tell the acholar that the north pole riaci 
higher and higher, as he travels further and farther toward it. In other words, what* 
ever number of degrees he advances toward the north pole, so many degrees will U risa 
above his horison. This is not only an obvious error in principle, bat it misleads tha 
<if>prehen^ion of the pupil. It is not that the pole ia elevated^ but that our ftoHzon U 
depreMHed as we advance toward the north. The same objection Ilea against the artifl* 
cial globe ; for it ought to be so fixe J that the horizon might be raised or depressed, and 
tae i>ule remain in its own fovariable position. 

195. Ursa Minor contains twenty-four stars, including three 
of the 3d magnitude and four of the 4th. The seven principal 
stars are so situated as to form a figure very much resembling 
that in the Great Bear, only that the Dipper is reversed, and 
about one half as large as the one in that constellation. 

196. The first star in the handle, called Polaris ^ is the polar 
star, around which the rest constantly revolve. The two last in 
the bowl of the Dipper, corresponding to the Pointers in the 
Great Bear, are of the 3d magnitude, and situated about IS"* 
from the pole. The brightest of them is called Kochab, which 
signifies an axle or hinge, probably in reference to its moving so 
near the axis of the earth. 

Koehah may be easily known by its being the brightest and middle one of the three 
conspicuous stars forming a row, one of which is about 2*, and the other 8" from Kochab. 
The two brighest of these are situated in the breast and shoulder of the animHl, about 
8* apart, and are called the {S\Mrd% or Pointers of Ursa Minor. They are on the meri- 
dian about the 20th of June, but may be seen at all hours of the night, when the sky is 
clear. 

197. Of the four stars which form the bowl of the Dipper, 
one is so small as hardly to be seen. They lie in a direction 
toward Gamma in Cepheus ; but as they are continually chang- 
ing their position in the heavens, they may be much better traced 
out from the map, than from description. 

Kochab is about 25° distant from Benetnasch, and about 24° 
from Dubhc, and hence forms with them a very nearly equi- 
lateral triangle. 

" The Lesser Bear 

Leads from the pole the lucid band : the start 
Which form this constellation, faintly shine. 
Twice twelve in number ; only one beams forth 
Conspicuous in high splendor, named by Greece 
The Cynosure; by us, the Polar ^3tar." 

HISTORY. 

rhf prevailing opinion is that Ursa Major and Ursa Minor are the nymph Calisto and 
her son Areas, nnd that they were trnnsformed into bttars by the enrajred and Imperious 
Jun.x, and afterward translated to heaven by the favor of Jupiter, lest they might be 
destroyed by the huntsmen. 

The Chinese claim that the emperor Hong-tl, the grandson of Noah, first discovered 



195. Number of stars in Ursa Minor? Their magnitudes? How situated ? 196. De« 
icrioe Polaris, Kochab, and the Guards or Pointers? 197. Are all the stars dlsiinctl.ti 
risible? Direction? What triangle ? . , • «u ..* • r. ... 

H»io»T.— What prevailing opinion, or mjrth? Chlneae claim ? PhcmcfaniT Qrwxa 
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the polar itar, and applied it to parposev of navigation. It is certain that It vat «ted 
for this purpose in a very remote period of antiquity, f rom rariotu passagM in lb* 
ancients, it is manifest tliat the Phenicians steered hy Cjmosura, or the LcM-rBear; 
▼hereas, the mariners of Greece, and some other nations, steered by the Greater B«ar, 
called Helice, or Helix. 

Locan, 9 Latin poet, who floarlshed aboat the time of the birth of our Bavloor, that 
Mlverts :<> the practice of steering vessels by Cynosura : — 

** Unstable Tyre now knit to firmer ground. 
With Sidon for her purple shells renown*d. 
Safe in the Cyrumur^ their glittering guide 
With well-directed navies stem the tide." 

RowB*8 Translation, B. UL 
The follotfing extracts from other poets contain allusions to the saiLe Cavt: 

" Phenicia, spurning Asians bounding strand, 
By the bright PoU starts steady radiance led, 
3ade to the winds her daring sails expand. 
And fearless ploughed old Ocean's stormy bed." 

&I A crick's EleffV on Sir W, Jatu9, 

**Te radiant signs, who, from the ethereal plain 
Sidonians gviide^ and Greeks upon the main. 
Who from your poles all earthly things explore, 
And never set beneath the western shore.'* 
OviD'8 TrUtia, 

** Of all yon multitude of golden stars, 
Which the wide rounding sphere incessant bears. 
The cautious mariner relies on none. 
But keeps him to the constant pole alone." 

Lucam's Pharsalia, B. riU. t. 82Sw 

Xlrsa Major and Ursa Minor are sometimes called Triones^ and sometimes the Greater 
%Dd Lesser Wains. In Pennington's Memoirs of the learned Mrs. Carter, we tave the 
following beautiful lines : — 

** Here Cassiopeia fills a lucid throne. 
There, blase the splendors of the Northern Crown ; 
While the slow Car, the cold Trionea roll 
O'er the pale countries of the frosen pole : 
Whose faithful beams conduct the wandering ship 
Through the wide desert of the pathless deep." 

Thales, an eminent geometrician and astronomer, and one of the seven wise men of 
Greece, who flourished six hundred years before the Christian era, is generally reputed 
to be'Uie inventor of this constellation, and to have taught the use of it to the Phenician 
navigators ; It is certain that he brought the knowledge of It with him from Phenice into 
Greece, with many other discoveries both In astronomy and mathematics. 

Until the properties of the magnet were known and applied to the use of navigation, 
and for a long time after, the north polar star was the only sure guide. At what time the 
Attractive powers of the magnet were first known. Is not certain ; they were known in 
Europe about six hundred years before the Christian era ; and by the Chinese records, i^ 
is said that its polar attraction was known in that country at least one thousand years 
earlier. 

TELESCOPIC OBJECTS. 

1. a TJfi&M BI150RIS (Polaris)— A doublk star ; R. A. Ih. 2m. 10s.; Dec. N. 88* W 4*. 
A 2 Jj. topaz yellow ; B 9J<, pale white. Map VUL, Fig. V^. 

2. fi Vmx M1NORI8 (Kochalf)—A star with a distant companion in the left shoulder: 
R. A. 14h. 51m. Us. ; Dec. N. 74° 43' t\ A 8, reddish ; B 11, pale grey->several small 
.lars in the field 

8. 6 Uks.« Mivoris— a star with a very distant telescopic companion in the middle of 
the tail of the figure ; R. A. ISh. 23m. 663. ; Dec. N. 86' 35' 4". A 8, greenish tinge , 
B 12, grey. 

i\'hat proofs from the poet:;? What other names for Ursa Major and Ursa Minor V Whto* 
"lid of Thales ? Use of the pole star T The magnet ? 
Ituscopio Objbcth.— Alpha? Show on the mup, Bota->Dclta — Epsilon^Zeta. 



i> 
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4. f Ufisjt M.5nRt»— A sUr trith a ralnate companion, at the root of the tail; E. A 
I7h. 02iJi. C'l.; Dec. N. 82* 17* Of. A 4, bright yellow; B 12« pale blue; three cthci 
tdetcopio itars ib the field. It It easily foand, being the third star from Polar Is 

ft. C VMM MixoRtS— A DOI7BLI8TAR Iq the middle of tb^ body; E. A. 15h. 4tHn. 69^; 
Deo. N. 78* 16- 07'. A 4, flushed whiter B U, bluish* vith a yellow star of the 9ch loao- 
oltudc In the field. 



CHAPTER IX. 

CONSTEUJITIOXS OX THE MERIDIAN IK JULY, 

SCORPIO (the scorpion).— map V. 

198. This is the eighth sign, and ninth constellation, in the 
order of the Zodiac. It presents one of the most interesting 
groups of stars for the popil to trace out that is to be found in 
the southern hemisphere. It is situated southward and east 
ward of Libra, and is on the meridian the 10th of Jtily. 

The sun enters this Hgn on the 28d of October, but does not reach the oanttdlation 
before the 90th of November. When astronomy was first cultivated in the East, the two 
solstices and the two equinoxes took place when the sun was in Aquarius and Leo, Tau> 
rus and Scorpio, respectively. 

199. Scorpio contains, according to Flamsted, forty-four stars, 
including one of the 1st magnitude, one of the 2d, and eleven of 
the 3d. It is readily distinguished from all others by the pecu- 
liar luster and the position of its principal stars. 

ArUares is the principal star, and is situdted in the heart of 
the Scorpion, about 19 east of Zubenelgubi, the southernmost 
star in the Balance. Antares is the most buUiant star in that 
region of the skies, and may be otherwise distinguished by its 
remarkably rod appearance. Its declination is about 26° S 
It comes to the meridian about three hours after Spica Virginis, 
or fifty minutes after Corona Borealis, on the 10th of July. It 
is one of the stars from which the moon's distance is reckoned 
for computing the longitude at sea. 

There are four great stars in the heavens, Fomalhaifi^ Aldebaran^ R^fffUtts^ and 
Antares^ which formerly answered to the solstitial and equinoctial points, and which 
Ktre much noticed by the astronomers of the East. 

200. About 84^° northwest of Antares, is a star of the *2tJ , 

198. Order of Scorpio among the signs, Ac? Its comparative interest? Situationf 
When docs the sun enter this sign t When the conffUUaUoft t How with the solsticei 
%nd equinoxes anciently? Why not so now? 199. Number and magnitudes of th< 
etars in Scorpio ? How distinguished ? Name and position of its principal star f Ho> 
known t What use made of it f What three otbor stars mentioned? 800 What oOM 
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ma^iitade, in the head of the Scorpion, culled Graffia$. It is 
but one degree north of the earth's orbit. It may be recognized 
by means of a small star, situated aboat a degree northeast of 
it, and also by its forming a slight curve with two other stars 
of the 3d magnitude, situated below it, each about 3"^ apart. 
The broad part of the constellation near raffias, is powdoied 
with numerous small stars, converging down to a point at 
Antares, and resembling in figure a boy's kite. 

201. As yon proceed from Antares, there are ten conspicuous 
stars, chiefly of the 3d magnitude, which mark the tail of the 
kite, extending down, first in a south-southeasterly direction 
about 11°, thence easterly aliout 8° further, when they turn, 
and advance about 8° toward the north, forming a curve like a 
shepherd's crook, or the bottom part of the letter S. This 
crooked line of stars, forming the tail of the Scorpion, is very 
conspicuoas, and may be easily traced. 

The first star belotr Antares, which Is the last in the back, is of onlj the 4th mafnl* 
%ttde. It is about 2" southeast of Antares, and is denoted by the Greek name of T. 

EpBUon, of the 8d magnitude, is the second star from Antare.t, aad the flrKt in the 
tail It is situated about V below the star T, but inclining a little to the east. 

JTu, of the 8d magnitude, is the 8d star from Antares. It is situated 4H* below Ep»l- 
Ion. It may otherwise be known by means of a small star close by it, on the left. 

Zeta^ of about the same magiiitude, and situated about as far below Mu, is the fourtb 
star from Antares. Here the line turns suddenly to the east. 

EtUj also of the 8d magnitude, is the fifth siar from Antares, aiid about S}i' east of 
Zeta. 

Theta, of the same magnitude, is the sixth star from Antares, and about 4H* east 
of Eta. Here, the line turns again, curving to the north, and terminates in a couple 
of stars. 

Iota is the seventh star Arom Antares, 8H* above Theta, curving a little to the le.: 
It is a star of the 8d magnitude, and may be known by meant of a small star, almost 
touching it, on the east. 
Kappa^ a star of equal brightness, is less than 3* above Iota, and a little to the right. 
LestOfiy of the Sd magnitude, is the brightest of the two last, in tie tail, and is situated 
about 8* above Kappa, still further to the right. It may readily be known by means of 
a amaUer star, close by it, on the west. 

202. This is a very beautiful group of stars, and easily traced 
out in the heavens. It furnishes striking evidence of the facility 
with which most of the constellations may be so accurately 
delineated, as to preclude everything like uncertainty in the 
knowledge of their relative situation. 

" The heart witli luster of amasing force, 
Refulgent vibrates; faint the other parts. 
And iU-defined by stars of meaner note.'* 

HISTORY. 

This sign was anciently represented by various symbols, sometimei by a snake, and 
feometimes by a crocodile ; but most commonly by the scorpion. This last symbol ii* 



Mlar described ? Size and position? How recognised? What said of the brobd part cr 
body of Scorpio ? 201. What stars form the tail of Scorpio? Are they consplcuoua / 
Name and describe in detail? 203. General remarks respecting tbih constellation? 
IfibTOi'.v. — How was Scorpio anciently delineated ? Uow regarded by ancient astrola 



Digitized by Google 



108 ASTRONOMY. 

ftmod on the Mithraic monameots, which Is pretty gooil evidence that these monoments 
rero constructed when the vernal equinox Hccorded with Tnurus. 

On '>oth the sodlacs of Dendera, there are rude delineations of this animal ; that oit 
Aie purtico differs considerably from that on the other sodiao, now In the Louvre. 

Scorpio was considered by the ancient astrolo^rs as a si^n accursed. The Egyptiana 
4xed the entrance of the sun into Scorpio as the commencement of th« reign of Typhou, 
when the Greeks fablc<l the death of Orion. When the sun was in Scorpio, in the month 
of Athyr^ as Plutarch informs us, the Ej^yptians inclosed the body of their god Osiris 'o 
an arhj or chest, and during this ceremony a great annual festival was celebrated. 
Three days after the priests had inclosed Osiris in the urk, they pretended to have found 
bim again. The death of Osiris, then, was lamented when the sun in Scorpio descended 
to the lower hemisphere, and when he arose at the vernal equinox, then Osiris was said 
to be born anew. • - \ 

The Egyptians or Chaldeans, who first arranged the Zodfao^JViight have placed Scorpio 
In this part of the heavens to denote that when the sun enters this sign, the diseases 
Incident to the fruit season would prevail ; since Autumn, which abounded in fruit, often 
brought with it a great variety of diseases, and might be thus fitly represented by that 
venomous animal, the scorpion, who, as he recedes, wounds with a sting in his taiL 

Mars was the tutelary deity of the Scorpion, and to this circumstance Is owing all that 
Um>Q of the astrologers, who say that there is a great analogy between thtf malign 
Influence of the planet Mars and this sign. To this also is owing the doctrine of the 
alchemists, that iron, which metal thej call Mart, is under the dominion of Scorpio ; so 
that the transmutation of it into gold can be effected only when the sun is In this sign. 

The constellation of the Scorpion is very ancient. Ovid thus mentions it in his beao- 
tifta Cable of Phaeton :— 

** There is a place above, where Scorpio bent, 
In tail and arms surrounds a vast extent ; 
In a wide circuit of the heavens he shines, 
And fills the place of two celestial signs.*' 
According to Ovtd, this Is the famous scorpion which spraui^ out of the earth at the 
command of Juno, and stung Orion ; of which wound he died. It was in this way the 
imperious goddess chose to punish the vanity of the her^ and the hunter, for boasting 
that there was not on earth any animal which he could not conquer. 

•♦ Words that provoked the gods once from him fell, 
*No beasts so fierce,' said he, *but I can quell;' 
When lo ! the earth a baleful scorpion sent. 
To kill Latona was the dire intent ; 
Orion saved her, though himself was slain. 
But did for that a spacious place obtain 
In heaven : ^tothea my life^ said she, *tww dear^ 
Andyi>r thy merit shine Ulustrtout there.^* 

Although both Orion and Scorpio were honored by the celestials with a place amooR 
the stars, yet their situations were so ordered that when one rose the other should set, 
and vice versa ; so that they never appear in the same hemisphere at the same time. 

In the Hebrew zodiac this sign is allotted to Dan, because it is written, ** Dan shall be 
a seri>ent by the way, an adder in the path." 

TELESCOPIC OBJECTS. 

1* a SooRPn (Antare8)—A bright star with a companion in the heart of Scorpio: S. A 
16h. 19m. Ma. ; Dec. S. 26* 04' 8'. A 1, fiery red ; h d, pale. Very close. 

2. ScoBPii (Graffias) — A star with a companion in the head ; R. A. 16h. 56m. OSi.* 
Dec. 8. \V> 21' 7'. A 2, pale white ; B 5)i, lilac tinge. 

8. V SooRPii— A neat double star, east by north from (i about 2* ; R. A. lOh. 02m. tfs. ; 
Dec. 8. 19° 02' 8*. A 4, bright white ; B 7, pale lilac. Professor Mitchell registers this 
as a triple star. 

4. a SoORPii— A delicate doublr stui in the body of the figure ; R. A. 16h. llm. 288.; 

gersf Egyptian myth respecting Typhon, Ac. ? Supposed reason why Scorpio was placed 
where it i3? Why do astrologers connect Mars with Scorpio? The Alchemists if Wha* 
poetic proof of tl>. ntiqulty of Scorpio ? Ovid's myth respecting ? RnlHtive position of 
Prion and Scorpio/ r'.-\ce of Scorpio In the Hebrew Zodiac, and why? 

Tklkscopic Objbcts.— Alpha? Beta? Nuf Sigma? What duster? Point oat on the 
Hup. What Nebula? 
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<^•c^. W 12' 8*. About 9* west by north of AnUrei. A 4, cmuuy whit«: B 9H 
lilac tint 

5. A ooxPBBSSBD olob:lar cluster In the right foot of 0|ihluchag, or the BcorplonV 
aack ; R. A. 16h. 07ra. 28s. ; Dec. 8. 22' 85 4'. Half way between a and i^ Scor|.ii, or 4' 
east of «J. A line bright object, in an open space, with a few telescopic stars in ifiv 
field. Pronounced by Herschei " the richest and most condensed niMM of fttars witicb 
the firmament can offer to tlie contemplation of astronomers." Map IX., ¥ig. U. 

6. A compressed mass of very small stars, in the middle of the bod>, with outlay re, 
and a few stellar companions in the field ; R. A. 16h. ISui. 51s. ; Dec. 8. 26* 07 5'. Ii li 
lii' west of Antares. Elongated and bright in the center. 

7. A fine large rksolvablb nroula at the root of the tail, about 7* southeast f^rom 
Antares ; R. A. I6h. 51m. (Ms. ; Dec. S. 29* 50' 6'. A mass of small sUrt ruiminff upt« a 
blase in the center — has been mistaken for a comet. 



HEROUI^S.— MAP V. 

203. Hercules is represented on the map invested witb the 
skin of the Nemaean Lion, holding a massy club in bis right 
hand, and the three-headed dog Cerberus in his left. He occu 
pies a large space in the northern hemisphere, with one foot rest- 
ing on the head of Draco, on the north, and his head nearly 
touching that of Ophiuchus, on the south. This constellation 
extends from 12° to '50° north declination, and its mean right 
ascension is 255° ; consequently its centre is on the meridian 
about the 21st of July. 

204. Hercules is bounded by Draco on the north, Lyra on the 
east, Ophiuchus or the Serpent-Bearer on the south, and the Ser- 
pent and the Crown on the west. It contains one hundred and 
thirteen stars, including one of the 2d, \)r of between the 2d and 
3d magnitudes, nine of the 3d magnitude, and nineteen of the 
4th. The principal star is Ras Algethiy and is situated in the 
bead, about 25° southeast of Corona Borealis. It may be 
readily known by means of another bright star of equal magni- 
tude, 5° east-southeast of it, called Ras Alhague. Ras Alhague 
marks the head of Ophiuchus, and Ras Algcthi that of Her- 
cnles. These two stars are always seen together like the bright 
pairs in Aries, Gemini, the Little Dog, &c. They come to our 
Bieridian about the 28th of July, near where the sun does the 
last of April, or the middle of August. 

About midway between Ras Algethi on the southeast, and Ariadne's Crown on t«ie 
northwest, may be seen Beta and Gamma, two stars of the 8d magnitude, situated in 
the west shoulder, about 3° apart. The northernmost of these two is called RuUUcM. 

Those four stars in the shape of a diamond, 8' or 10' southwest of the two in the 
wvoulder of Hercules, are situated in the head of the Serpent. 

808. Describe Hercules? His magnitude and position? When on the meridian? 
«^»* How bounded? Number of stars? Their sixe? Principal star, and how known ♦ 
Vhat laid of Ras AUiague, and Ras Alguthi ? Of Beta and Gamma ? 
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205. About 12° E. N. E. of Rntilicus, and 10|^ directly ncrth o 
lias Algetlii, are two stars of the 4th magnitude, ia the east 
shoulder. They may be known by two very minute stars a little 
above them on the left. The two stars in each shoulder of Her 
cnles, with Has Algethi in the head, form a regular triangle. 

The left, or east arm of Hercules, which grasps the triple-headed monster Cerberus, 
may be traced by means of three or four stars of the 4th mag^iitude, situated in a row, 
V and 4* apart, extei ding from the shoulder. In a northeasterly direction. That small 
cluster, situated in a trianfrular form, about 14* northeast of Ras Algethi, and 18* east- 
southeast of the left shoulder, distinguish the head of Cerberus. 

Eighteen or 20* northeast of the Crown, are four stars of the 8d and 4th magnitudes, 
forming an irregular square, of which the two southern ones are about 4* apart, and in 
a line 6* or T* south of the two northern ones, which are nearly 7* apart. 

/^, in the north eat t corner, may be known by means of one or two other smaU stars, 
close by it, on the east. Eta^ in the northwest corner, may be known by its being in a 
row with two smaller stars, extending toward the northwest, and about 4* apart. Tlie 
stars of the ith magnitude. Just south of tlie Dragon^s head, point out the left foot and 
ankle of Hercules. 

Several other start, of the 8d and 4th magnitudes, may be traced out in this constella* 
Hon, by reference to the map. 

HISTORY. 

This constellation is intended to immortalize the name of Hercules, the Theban, so 
celebrated in antiquity for his heroic valor and Invincible prowess. According to the 
ancients, there were loany persons of this name. Of all these, the son of Jupiter and 
Alcmena is the most celebrated, and to him the actions of the others have been gene- 
rally attributed. 

The birth of Hercules was attended with many miraculous events. He was brought 
up at Tirynthus, or at Thebes, and before he liad completed his eighth month, the jealousy 
of Juno, who was intent upon his destruction, sent two snakes to devour him. Not ter- 
rified at the sight of the serpents, he boldly seized them, and squeesed them to death, 
while his brothel Iphicles alarmed the house with his frightful shrieks. 

He was early instructed in the liberal arts, and soon became the pupil of the centaur 
Chiron, under whom he rendered himself the most valiant and accomplished of all the 
heroes of antiquity. In the I8th year of his age, he commenced his arduous and glorious 
pursuits. He subdued a lion that devoured the flocks of his supposed father, Amphi- 
tryon. After he had destroyed the lion, he delivered his country from the annual tri- 
bute of a hundred oxen, which it paid to Erginus. 

As Hercules, by the will of Jupiter, was subjected to the power of Eurysthens, and 
obliged to obey him in every respect, Eurystheus, jealous of his rising fame and power, 
ordered him to appear at Mycenas, and perform the labors which, by priority of birtli, 
he was empowered to impose upon him. Hercules refused, but afterwards consulted 
the oracle of Apollo, and was told that he must be subservient, for twelve years, to tho 
will of Eurystheus, in compliance with the commands of Jupiter; and that, after he had 
achieved the most celebrated labors, he should be reckoned in the number of the gods. 
So plain an answer determivsd him to go to Mycenae, and to bear with fortitude what- 
ever gods or men should impose upon him. Eurystheus, seeing so great a man totally 
subjected to him, and apprehensive of so powerful an enemy, commanded him to achieve 
a number of enterprises the most difficult and arduous ever known, generally called the 
TwBLVs Labors or Hkrcules. Being furnished with complete armor by the favor of the 
gods, he boldly encountered the imposed labors. 

1. He subdued the Nemiean Lion in his den, and invested himself with his skin. 

2. He destroyed the Lernsean Hydra, with a hundred hissing heads, and dipped hia 
arrows in the gall of the monster, to render their wounds incurable. 

8. He took alive the stag with golden horns and brazen feet, so famous for its incre- 
dible swiftness, after pursuing it for twelve months, and presented it, unhurt, to 
Eurystheus. 

4. He took alive, the Erymanthian Boar, and killed the Centaurs who opposed him< 

206. What two other stars, and what triangle ? How trace the left or east arm of Her- 
cules f What four stars, and forming what? Describe Pi, and how known. £taf Ao; 
ether stars f 

HiSTOBT.— Design of ♦Ms constellation t Story < f the birth of Hercules f His wondtu fa' 
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5. He cleansed the stablet of Autflas, !d vh!!*h 8|000 oxen had bew eooKned for maof 
jrean. 

6. He killed the carntvoroua birds which ravaged the country of Arcadia, and fe4 ca 
fiaman flesh. 

7. He toolc alire, and brought into Pelopoiuie«us, the wild bull of Crete, which oa 
mortal durst look upon. 

8. He obtained for Eurystheus the marei of Diomedea, which fed ou human flesh after 
having given their owner to be first eaten by them. 

9. He obtained the girdle of the queen of the Ainasoni, a fonnidsble nation of warllXt 
f' TcUes. 

10. He killed the monster Qeryon, king of Gades, and brought away h^s numerros 
fluckSf which fed upon human flesh. 

11. He obtained the golden apples from the garden of the Hesperides, which were 
•» \tched by a dragon. 

'2. And ILaally, he brought up to the earth the three-headed dof Cerberus, the guar- 
iian of the entrance to the infernal regions. 

According*to Dupuis, the twelve labors of Hercules are only a figurative representation 
of the annual coarse of the nun through the twelve signs of the Zodiac ; Hercules being put 
for the sun, inasmuch as it is the powerful planet which animates and Imp.xrts fecundity 
to the nniverse, and whose divinity has been honored, in every qua<'ter, by temples and 
altars, and consecrated in the religious strains of all nations. 

Thus Virgil, in the ei^th book of his iBneid, records the deeds of Hercules, and crlm • 
brates his praise : — 

** The lay records the labors, and the praise. 
And all the immortal acts of Hercules. 
First, how the mighty babe, when swath'd In l>ands. 
The serpents strangled with his infant hands; 
Then, as in years and matchless force he grew. 
The (Echalian walls and Trojan^verthrew, 
Besides a thousand hazards they relate. 
Procured by Juno*s and Eurystheus* hate. 
Thy hands, unconquerM hero, could subdue 
The cloud-born Centaur, and the monster crewt 
Nor thy resistless arm the bull withstood ; 
Nor he, the roaring terror of the wood. 
The triple porter of the Stygian seat 
With lolling tongue lay fawning at thy feet, 
Andf seised with fear, forgot the mangled meat. 
The infernal waters trembled at thy sight: 
Thee, god, no face of danger could affright ; 
Nor huge Typhaeus, nor the unnumberM snake. 
Increased with hissing heads, in Lerna's lake." 

ilesides these arduous labors which the Jealousy of Eurystheus ic '^vsed upon him, at 
also achieved others of his own accord, equally celebrated. Before he delivered hiraiell 
np to che king of Mycenss he accompanied the Argonauts to Colchis. He assisted the 
gods in their wars against tlie giants, and it was through him alone tl^at Jupiter obtained 
the victory. He conquered Laomedon and pillaged Troy. 

At three different times he experienced fits of insanity. In the second, he slew the 
brother of his beloved loie ; in the third he attempted to carry away the sacred tripod 
from Apollo's temple at Delphi, for which the oracle told him he mujit be sold as a sla\ e. 
He was sold accordingly to Omphale, queen of Lydia, wvo restored him to liberty, and 
married him. After this he returned to Peloponnesus, and re-established on the throne 
of Sparta his friend Tyndarus, who had been expelled by Hippocoon. He became 
enamored of D^anira, whom, after having overcome all his rivals, he married ; but waf 
obliged to leave his father-in-law's kingdom, because he had inadvertently killed a man 
with a blow of his fist. He retired to the court of Ceyx, king of Tracbina, and in his 
way was stopped by the streams of the Evenus, where he slew the Centaur Nessus, for 
presuming to offer indignity to his beloved Di^anira. The Centaur, on expiring, gave to 
b^&nira the celebrated tunic which afterward caused the death of Hercules. *' This 
tunic," saM the expiring monster, " has the virtue to recall a husband from unlawful 
love.'* D^anira, fearing lest Hercules should relapse again into love for the beautifui 
loIe, gave him the fatal tunic, which was so infected with the poison of the Lemasan 



r^loits f Orii^n and character of the twelve labors f What are these labors supposed 
to reprsscnt t What quoUtion from VirgU f Story of the death of Hercules f Ovid <* 
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Hydnt, that he hnd no flonner Invested hlmseir \rith % than it began tc penetrate Ui 
h^DHt, and to hoil thruugn ail his veins. Hu attempted to puJl it off, but it was too late. 

'• Ai the red Iron hisses in the flood, 
So boils the venom in his curdling blood. 
Now with the greedy flame his entrails glow, 
And livid sweats duwn all h\a botly fl.-.« 
The crackling nerves, burnt up, are burst in twain. 
The lurking venom melts his shimming brain." 
At the distemper was Incurable, he Implored the protection of Jupiter, gave his bom 
and arrows to Riiloctetes, and erected a large burning pile on the top of Mount dtta. 
He spread on the pile the skin of the Nemssun lion, and laid himself down upon it, as on 
a bed, leaning his head upon his club. Philoctetes set fire to the pile, and the hero saw 
himself, on a sndden, surrounded by the most appalling flames ; yet he did not betray 
any marks of fear or astonishment. Jupiter saw him from heaven, and told the sur- 
rounding gods, who would have drenched the pile with tears, while they entreated tL it 
he would raise to the skies the immortal part uf a hero who had cleared the earth fa. m 
■o many monsters and tyrants ; and thus the thunderer spake: — 
■■■•* Be all your fears forborne : 
The (Btean fines do thou, great hero, scorn. 
Who vanquishM all things shall subdue the flame 
That part alone of gross maternal frame 
Fire shall devour ; while what from me he drew 
Shall live immortal, and its force sulnlue : 
Thatj when he*s dead, I'll raise to realms above , 
May all the powers the righteous act approve." 

Offid'e Met. lib. is. 

Accordingly, after the mortal part of Hercules was consumed, as the ancient poeto 
«ay, he was carried up to heaven in a chariot drawn by four horses. 

** Quem pater omnipotens inter cava nubiia raptum, 
Quadrijugo curru radiantibus intulit astris." 

" Almighty Jove 

II his swift car his honor'd offspring drove; 
High o*er th e hollow clouds the coursers fly, 
And lodge the hero in the starry sky." 

Orid*» Met. lib. Ix. t. 2T1- 

TELESCOPIC OBJECTS. 

1. a HiRCtJUS {BasAlffethi) — A beautiful doublb star in the head of Hercules; R. A. 
17h. OTm. 21s. ; Dec. N. 14' 84' 05'. A 8 H, orange ; B 5 Ji, greenish. Map VUI., Fig. 18. 

2. i3 Hkrculis {RtUUiouM) — A fine doitblb star in a barren field, on the hero's left 
shoulder; R. A. 16h. 23m. 21s. ; Dec. N. 2l« 50' 6'. A 2)^, pale yellow; B 11, lilac tint 

8. y Hbrculis— An open dooblb star in a dark field, on the left arm ; R. A. 16h. 14m. 
688.; Dec. N. 19° 82' 0'. A3>i, silvery white; BIO, lilac. About half-way fromJJd* 
Alffethi, in the head, to Alpfuieca in the Northern Crown. 

4. 6 Hbrculis— A binary star on the right shoulder, and about 11* due north of 0; 
R. A. 17h. 08m. 288. ; Dec. N. 25' 01' 9'. A 4, greenish white ; B 8)6, grape red. It 
forms an equilateral triangle with a and ii. 

5. C Hbrcdus — A close binary star over the middle of the body ; R. A. l<Sh. 85m. 16t., 
Dec. N. 81* 58' 7*. A 8, yellowish white; B 6, orange tint. A **wonderous object"'- 
one star being sometimes occulted by the other. 

6. 97 IIerccus— A bright star with a distant companion on the left thigh ; R. A. Idh 
87m. 268. ; Dec. N. 89* 18' 8'. A 8, pale yellow ; B 10, dusky. 

7. A LARQB CLUSTKR ou the left thigh, between ^ and 17, 8^* southwesterly of the 
latter; R. A. 16h. 85m. 58s. ; Dec. N. 86° 45* 8'. A superb object, biasing up in the een- 
ter, with numerous outlayers. Map IX., Fig. 58. May be seen by the naked eye in th« 
absence of the moon. 

8. A GLOBULAR CLUSTER of minute stars \H* north by east of 17; R. A. I7h. 12m. 14* , 
Dec. N. 48" 18' 4*. Large, bright, and resolvable, with a luminous centre. Several 
other stars in the field. Map IX., Fig. 54. 

Tblmoopic Objkcts.— Alpha ? Point out on the map Beta? Gamma? Delta? Z«(a( 
Btaf What clusters? Point out on the map. What Nebula? 
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9. A sniAll PLAXKTARY HBBULA bctw«en Uie hero's shoulden ; R. A 16h. 97 Ji. 469. ; D«o 
U* 06' 8'. A curious ol^ect, irith a disc 8' in diameter. Look northeast of y and 3 
m the left arm, to a point forming an equilateral triangle with these two stars. 

10. A fine PLAMKTABT KBBULA near th« right knve of Hercules; R. A. llh. 48m. tSn 
>c. N. 46* 47' 0'. About 4* east by north from r. It U large, round, and of a loMJ 
l*a^ blue hue. A 6th magnitude star near it somewhat eclipses ita brigbtneta 



SERPENT ARI US, VEL OPHIUCHUS (the skuprxt beabeb).- 

MAP V. 

206. The Serpent-B rarer is also called jEsculapias, or the 
c^d of medicine. He is represented as a man with a venerable 
beard, having both hands clenched in the folds of a prodigious 
serpent, which i3 writhing in his grasp. 

The constellation occupies a considerable space in the mid- 
heaven, directly south of Hercules, and west of Taurus Poiiia- 
towski. Its center is very nearly over the equator, opposite to 
Orion, and comes to the meridian the 26th of July. It contains 
seventy-four stars, including one of the 2d magnitude, five of 
the 3d, and ten of the 4th. 

207 The principal star in Serpentarius is called Ras Alhagv^e. 
It is of the 2d magnitude, and situated in the head, about b"" 
E. S. E. of Ras Algethi, in the head of Hercules. Ras Alhague 
is nearly 13° N. of the equinoctial, while RAo, in the southern 
^oot, is about 25° south of the equinoctial. These two stars 
serve to point out the extent of the constellation from north to 
south. Ras Alhague conies to the meridian on the 28th of July, 
about 21 minutes after Ras Algethi. 

About 10* S. W. of Ras Alhague are two small stars of the 4th magnitude, scarcely 
tnore than a degree apart. They distinguish the left or west shoulder. The northern 
one is marked I(^a and. the other Kappa. 

Eleven or twelve degrees 8. S. E. of Ras Alhague are two other stars of the 8d magni* 
fude, in the east shoulder, and about 2* apart. The upper one is called Ch«u^^ and th« 
lower one Gamma, These stars in the head and shoulders of Serpen Uirius, form a tri- 
^fie, with the vertex in Ras Alhague, and pointing toward the northeast. 

208 About 4° E. of Gamma, is a remarkable cluster of four 
or five stars, in the form of the letter V, with tne open part to 
the north. It very much resembles the Hyades. This beautiful 
\ittle group mark the face of Taurus Poniatowski. The solsti- 
tial colure passes through the equinoctial about 2^" E. of the 



^- What other name has the Serpent Bearer? How represented? Situation and 
pteot? Number and size of its principal stars? 207. Name of its princira) star' 
"•Jlfoitude and situs Mon? Rho, and its situation? Use of these two star*-? What saW 
«* Iota and Kap».a? Of Ohelcb and Gamma? 208. What remarkal/.e clu8t«:r? ir«« 
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lower star in the yertex of the V. The letter name of thii; 
Rtar is k, 

Ther« It foinethin;^ remarkable in ita central position. It is sitaatad almost exactlj tn 
the mid>licaTeDS, being nearly equidistant from the poles, and midw%7 between the ver- 
nal and autumnal equinoxes. It is, however, about one and a third d^^grees nearer the 
Qortli than the south pole, an<l about two degrees nearer the autumnai than the veroal 
equinox, being atout two degrees west of the subtitial colure. 

Directly south of the Y, at the distance of about 12*, are two Tery small stars^ about 
2* apart, situated in the right hand, where it grasps the serpent. About hulf-way 
between, and nearly in a line with, the two in the han«i and the two in the shoulder, 1; 
another star of the dd magnitude, marlced Zeta^ situated In the 3c> pent, oppo^jfcA the 
right elbow. It may be known by means of a minute star just under it. 

MareiOy in the left arm, is a star of the 4th magnitude, about lU* S. W. of Iota an J 
Kappa. About 7* farther in the same direction are two stars of the 3d magnitude, situ- 
ated in the hand, and a little more than a degree apart. The upper one of the two, 
which is about 1«* N. of Grafflas in Scorpio, is called Yed; the other is marked Epsilon. 
These two stars mark the other point in the folds of the monster where it is grasped by 
Serpentarius. 

The left arm of 8 trpentarius may be easily traced by means of the two stars in the 
shoulder, the one (Martsic) near the elbow, and the two in the hand ; all lyin^^ nearly 
in a line N. N. £. and S. S. W. In the same manner may the right ai-m be traced, by 
stars very similarly uituated ; that is to say, first by the two in the east shoulder, just 
west of the V, thence 8* in a southerly direction inclinhig a little to the east, by Zeta, 
(known by a little star right under it,) and then by the two small ones in the right baud, 
situated about 6* below Zeta. 

AjMut 12* from Antares, in an easterly direction, are two stars in the right foot, about 
2* apart. The large stand lower of the two, is on the left hand. It is of between the 
8d and 4th magnituces, and marked liho. There are several other stars in this coostef- 
latiou of the 8d and 4th magnitudes. They may be traced out from the maps. 
^ Thee, Serpentarius, we behold distinct, 
With sevimty-four refulgent stars ; and one 
Graces thy helmet, of the second class : 
The Serpent^ in thy hand graspM, winds his spire 
Immense ; fewer by ten his figure trace ; 
One of the second rank ; ten shun the sight; 
And seven, he who bears the monster hides." — SudfMia, 

HISTORY. 
This constellation was known to the ancients twelve hundred years before the Ohf^ 
tian era. Homer mentions it. It is thus referred to in the Astronumicon of Manilioi - 
^ Next, Ophiuchus strides the mighty snake. 
Untwists his winding folds, and smooths his back. 
Extends his bulk, and o'er th? slippery scale 
His wide-stretch'd hands on either side prevail 
The snake turns back his head and seems to rage : 
That war must last where equal power prevails." 
AseuIapiuB was the son of Apollo, by Coronis, and was educated by Chiron the Otti- 
taur in the art of medicine, in which he became so skilful, that he was considered the 
Inventor and god of medicine. At the birth of ^sculapius, the inspired daughter of 
Ohiron uttered, **■ in sounding verse " this prophetic strain. 

** Hail, great physician of the world, all hail ! 
Hail, mighty infant, who, in years to come. 
Shall heal the nations and defraud the tomb! 
Swift be thy growth ! thy triumphs unconflned I 
Make kingdoms thicker, and increase mankincf . 
Thy daring art shall animate the dead. 
And draw the thunder on thy guilty head : 
f Then shalt thou die, but from the dark abode 
Rise up victorious, and be twice a god." 

aiid resemblance? Marks what? What said of the lower star in the Y.f What stjf9 
louth of it r What c f Marsic ? Of Yed and Epsilon ? How trace the left arm f 

History. — ^Antiquity of this constellation ? Pro^if f Who was iEsculapius f Aocoo*it 
9f his great skill f His metamorphosis) Remarkable fact respecting Socrates and Plato? 
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He Accompanied the Argonauts to Colchis, In the capacity «r physician. He is saM tm 
tare restored many to lile, insomuch that Pluto oomptaiued to Jupiter, that bis dark 
dominion was in danger of being depopulated by his art. 

iSscuIapius was worshiped at Epidaurus, a city of Peloponnesus, and bence be Is 
styled by Milton ^* the icod in Epidaurus.** Being sent for to Rome In the time of a pl*<««» 
M assumed the form of t 9*»rpent and accompanied the ambassadors, but though thus 
changed, he was iSscuiapius still, in §erpfnte €Uwh-the deity in a serpent— and under 
that form he continued to be worstiiped at Rome. The cock and the serpent were sacred 
'• Wm, especially the latter. The ancient physicians used them in their prescHption*. 

One of the last acts of Socrates, who is accounted the wisest and best man of Pagan 
antiquity, was to offer a cock to .fisculaplus. He and Plato were both idolaters ; tbey 
conformed, and adrised others to conform, to the religion of th»lr country : to gross 
'dolatry and absurd superstition. If the wisest and most learned were so blind, wiat 
must the foolish and ignorant have been f 

TELESCOPIC OBJECTS. 

1. a Opbiitchi {Has Alhagu^y^k bright star with a minute companion, in tne head ol 
the figure ; R. A. :7h. 2Tm. SOs. ; Dec. N. 13« 40' 08'. A «, sapphire ; B », pale grey. A 
coarse triplet of am 'ill stars near them. 

2. <J Opkiuchi ( Yedy—k star with a distant companion, in the right hand ; R. A. IWi. 
(»m. 58s. ; Dec. S. 8* 16' 07*. A 3, deep yeUow ; B 10, pale lilac ; a vhird minute sur in 
(he field. 

S. ri OPHnrcm — A brilliant star with a distant companion, on the left knee ; on tl-** 
naargin of the nailky way ; R. A. ITh. 01m. 18s. ; Dec N. 16* 81* 08'. A 2H, pale yellow ; 
B 18, blue. 

4. T Ophiuchi — A close bimart star on the left hand, 16* northeast of the bright star 

Zt just described, towards Altair ; R. A. ITh. 54m. 22s. ; Dec. 8. 8* 10' 04'. A 5, and U 
.. both pale white; 10, light blue; two otlier stars in the field. Out of place vn liie 
tnap, or R. A. wrong in the tables, as given above. 

5. A TRiPLs or rather multiplk star, between the left foot of Ophiuchus, and the root of 
the tail of Scorpio ; R. A. 17h. 05m. 298. ; Dec. S. 26* 21' 06'. It is about 10* due east of 
intares. A 4^, ruddy; B 6H, pale yellow; IH, greyish. The latter is double, a 
minute companion api)earing at a distance, tliough not seen through ordinary instruments 
For relative position, Ac, see Map VUI., Fig. 14. 

6. A fine olobitlar clustxr, between the right hip and elbow ; R. A. 16h. 88m 56!*. ; 
Dec. S. !• 40* US'. A rich cluster, condensed towards the center, with many straggling 
ottUayers. About 8* from c Ophiuchi, towards (i, 

7. A RICH CLUSTRR of comprcssed stars, in the right hip; R. A. Itfn. 48m. 45s. ; Dec. .S 
3* 51' 08". About 8* east of e Ophiuchi ; or half-way between /? Librse, and a Aquilaj. \ 
oeautiful round cluster, and may be seen with a telescope three feet in length. 

8. A RODMD CLI78TBR on the left leg ; R. A. ITh. 09m. 428. ; Dec. S. 18* 2u' 07'. It lies 
about 8* southeast of e, and rather more than !4 the distance on a Wne from Antares tc 
Altair. A fine ol^ect — myriads of stars clustering to a blase in the center. 

9. A LARQs GLOBULAR CLUSTKR In the left arm ; R. A. ITh. 29m. 18s.; Dec. S. 8* 09' 01'. 
It lies Itf* sooth of Ras Alhague, or about half way from Q Scorpii to t Aquilss. 6H* south- 
^Jy-west of y OphittchL A fine object, of a lucid white, and may be seen with small instru- 
ments. Several stors hi the field. Map IX., Fig. 55. 

TsLBSOOpio Objsots.— Alpha? Delta? Eta? What multiple star? foial out in tkr 
i>Ap. What dusters f Which shown on the mapT 
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CHAPTER X. 

CONSTELLATIONS ON THE MKRIDIAK IN AUtfttfT. 

DRx\CO (xnE dbaoon).— MAP VL 

209. This constellation, which compasses a large circuit k the 
polar regions by its ample folds and contortions, contains manj 
stars which may be easily traced. From the head of the mon- 
ster, which is under the foot of Hercules, there is a complete 
coil tending eastwardly, about 17^ N. of Lyra ; thence he winds 
down northerly about 14° to the second coil, where he reaches 
almost to the girdle of Cepheus; theu he loops down somewhat 
in the shape of the letter U, and makes a third coil about 15° 
below the first. From the third coil he holds a westerly course 
for about 13°, then goes directly down, passing between tho 
head of the Lesser and the tail of the Greater Bear. 

210. Draco contains eighty stars, including two of the 2d 
magnitude, three of the 3d, and sixteen of the 4th. 

** The Dragon next, winds like a mighty stream: 
Within its ample folds are eighty stars, 
Four of the second order. Far he waves 
His ample spires, involving either £*ar,*^ 

The head of the Dragon is readily distinguished by means of 
four stars, 3°, 4°, and 5° apart, so situated as to form an irregu- 
lar square ; the two upper ones being the brightest, and both 
of the 2d magnitude. The right-hand upper one, called Etanin, 
has been rendered very noted in modern astronomy from its 
connection with the discovery of a new law in physical science, 
called the Aberration of Light. 

The letter name of this star is Gamma, or Gamma Draconis ; and by this appdlatlor 
it is most frequently called. The other bright star, about 4* from it on the left, li 
RaMahen, 

211. About 4° W. of Rastaben, a small star may, with close 
attention, be discerned in the nose of the Dragon, which, with 
the irregular square before mentioned, makes a figure somewhat 
resembling an Italic F, with the point toward the west, and th« 
open part toward the east. The small star in the nose, is called 
Er RaUs, 

209. Describe Draco — its situation and extent. 210. Number and else of its princi- 
pal stars? How may the A0a<2 of Draco be distinguished? What said of Etanin? Ic- 
letter name? What of Rastaben? 211. Of £r Rakisf Further of Rastaben? 01 
Etanin ? Of Orumium ? Of Omicron ? How may the second coil be recognised ? What 
If 74>ta ? Of Eta, Theta, and Asich ? Of Thoban, Kappa, and Qiansar t 
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The two imall stai^ A* or 6* 8. of Rastaben are In th<* left foot of Herealei. 

BasUbcn is on the meridian nearly at .the same motuent with Kns Alhafoe. Itaniu, 
40* N. of it, is on the meridian about the 4tn of August, at tlie same time with the three 
.i-estem stars in tlie face of Taurus Poniato:irskii, or Uie V. It is situated lets than %* west 
o'the solstitial colure, and Is exactly in the senith of London. Its farorable position has 
Isl English astronomers to watch its appearance, for long periods, with the most exact and 
unwearied scrutiny. 

Of the four atars forming the irregular square In the head, the lower and right-hand ooe 
li 53<* N. of Etanin. It is called GrunUum^ and is of the 8d raaroitode. A few degrees 
I. of the square, may be seen, with a little care, eight stars of the 6th magnitude, and one 
of the 4th, which ia marked Omieron^ and lies 8* E. of Oruminm. This group is in tlie first 
coil of the Dragon. 

The second coil Is about 18* below the first, and may be recognised by means of four 
stars of the 8d and 4tii magnitudes, so situated aa to form a small square, about half the 
sise of that in the head. The brightest of them Is on the left, and is marked Delta. A llni* 
drawn fk-om Rastaben through Qrumium, and produced about 14*, will point it out. A line 
drawn from Lyra through Zi Draconis, and produced 10* further, will point out Zeia^ a 
star of the 8d magnitude, situated in the third coll. ZeU may otherwise be known, by its 
being nearly in a line with, and midway between, Etanin and Kochab. From Zeta, the 
remaining stars in this constellation are easily traced. 

■ffta, T'Asta, and Asich^ come next; all stars of the 8d magnitude, and at the distance 
severaUy, of 6°, 4*, and 5* from Zeta. At Asich, the thh^ star from Zeta, the tall of tlie 
Dragon makes a sudden crook. Thubaitf Kappa^ and Oiaiutar^ follow next, and com- 
plete the tall. 

212. Thu^han is a bright star of the 2d magnitude, 11® from 
Asich, iu a hne with, and about midway between, Mizar and the 
southemmcst guard in the Little Bear. By nautical men this 
star is called the Dragtyn^s Tail, and is considered of much 
importance at sea. It is otherwise celebrated as being formerly 
the north polar star. About 2,300 years before the Christian 
Era, Tbuban was ten times nearer the true pole of the heavens 
than Cynosura now is. 

Kappa is a star of the 8d magnitude, 10* from Alpha, between Megres and the pole. 
Misar and Megrez, in the tail of the Great Bear, form, with Thuban and Kappa, in the 
tail of the Dragon, a large quadrilateral figure, whose longest side is from Hegres to 
Kappa. 

Giansar, the last star in the tail, is between the 8d and 4th magnitudes, and 5* fron 
Kappa. The two pointers will also point out Giansar, lying at the distance of little moro 
than d* from them, and in the direction of the pole. 

HISTORY. 

Mjrthologists give various accounts of this constellation. By some It Is represented as 
the watchful dragon which guarded the golden apples in the famous garden of the Hes- 
pertdes, near Mount Atlas in Africa, and was sialn by Hercules. Juno, who presented 
these apples to Jupiter on the day of their nuptials, took Draco up to heaven, and made h 
constellation of him, as a reward for his faithful services. Others maintain that in the war 
with the giants, this dragon was brought into combat, and opposed to Minei va, who seised 
it in her hand, and hurled it, twisted as it was, into the heavens round the axis of tbo 
world, before it had time to unwind its contortions, where it sleeps to this day. Othei 
writers of antiquity say, that this is the dragon killed by Cadmus, who was ordered by his 
father to go in quest of his sister Europa, whom Jupiter had carried away, and liever u 
'etum to Pbenicia without her. 

•* When now Agenor had his daughter lost, 

He sent his son to search on every coast ; 

And sternly bade him to his arms restore 

The darling maid, or see his face no more.** 



214, Size and position of Thuban ? What called by nautical men f Hew otherwiJc 
»«lebrat«d f YThat further of Kappa, M'Mr. Megrez, Ac. ? 
tlmroar. — Various Mythol^cal ac4y>untsf Story of Cadmus and the dragon's teeth? 
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HI I search, however, proving fraitless, he consulted the ormcle of Apollo, anl «af 
oidered to build a city wh«re h« should see a heifer stop in tlie grass, and to call tha 
country Boeotia. He saw the heifer according to the oracle, and as he wished to renda 
thaulcs to the god by a sacrifice, he sent his companions to fetch water from the neighbor^ 
Ing groTe. Tlie waters were sacred to Mars, and guarded by a most terrific dragon, who 
devoured all the messengers. Cadmus, tired of their seeming delay, went to the place, 
and saw the mtmster still feeding on their flesh. 

Cadmus, belioldlng such a scene, boldly resolved to avenge, or to share their fate. He 
therefore attaclted the monster with slings and arrows, and, with the assistance (f 
Minerva, slew him. He then plucked out his teeth, and sowed them, at the command of 
FalUs, in a plain, when they suddenly sprang up into armed men. 

Entertainhig worse apprehension from the dh-efUl ofliBpring than he had done from the 
Iragon himself, he was about to fly, when they fell upon each other, and were all slain io 
one promiscuous carn&Ke, except five, who assisted Cadmus to build the ci^ of BoeotU. 

TELESCOPIC OBJECTS. 

1. a BBAOoms {Thubany-^A star wiUi a distant companion In the fifth coil of Draco ; R 
A. t4h. 00m. 08s. ; Dec. N. 66* 08' 04'. A 8H« pale yeUow ; B 8, dusky ; two other stars in 
the field. Upwards of 4,600 years ago, this was the pole-star of the Chaldeans. 

2. d DaACOMis (RcutabenV-A star with a very distant companion, in the eye of Draco,* 
R. A. 17h. 26m. 48s. ; Dec. N. 02* 26' 02*. A 2, yeUow ; B 10, bluish ; other stars in field. 

8. y Dracon» (Sianiit) — A star with a telescopic companion. In the crown of Draco ; 
R. A. 17h. 62m. 68s. ; Dec. N. 61* 80' 06'. A 2, orange tint ; B 12, pale lUac. A third star 
(n the field makhig a neat triangle with A and B. JStfimin Is celebrated as the star by 
vie whig which, Bradly discovered the aberration of light In 1726. It is a aenith-star ai 
the Greenwich observatory. 

4. 6 Dracomis — A bright star with a distant companion, in the second flexure ; R. A. 
19h. 12m. 30s. ; Dec. N. 67' 22' 08*. A 8, deep yellow ; B 9>6, pale red; other small stan 
hi the field. 

6. e Draconis— A fine double star between the second and third flexures ; R. A. lOh. 
48m. 4l8. ; Dec. N. 69* 61' 6'. A 63<, light yeUow; B 8, blue; a third star Just norib 
>f a. 

6. 7f Draconis— A star with a companion, between the third and fourth flexures ; R. A 
I6h. 21m. 48s. ; Dec. N. 61' 62' 04'. A 8, deep yellow ; B 11, pale grey. 

7. fi Dracomis— A very neat bimart ststbm, on the tip of the Dragon's tongue ; R. A 
17h. 02m. 028.; Dec. N. 64* 41' 02'. A 4, and B 4)§, both white. Resembles Castor, 
though the components are nearer equal. Period, about 600 years. 

8. A TRIPLE STAR hi the first flexure ; R. A. 18h. 21m. 868. ; Dec N. 58* 42' 05'. A 5, 
pale white; B 8Hi light blue; C 7, ruddy. A difficult object— about midway between 
yand S. 

9. A beautlAil triplr star in the nose of Draco, on a line from y over ^, and near 
twice as much further ; R. A. 16h. 82m. 2Ss. ; Dec N. 68* 14' 09*. A 6, pale yellow ; B iH% 
(aint lilac ; C 6, white ; four other stars in view. 

10. A bright-class, oval iTrbula, under the body of Draco ; R. A. 15h. 02m. 08s. ; Dee. 
N. 66* 28' 0*. Faint at the edges, with four stars In the field ; one quite near it. 

11. A PLAHETART NEBULA, between the second and tuhd coil, on a line from Polaris to y 
Draconis : R. A. 17h. 68m. 88s. ; Dec. 66* 88' 01'. A remarkably bright and pale Uu0 
ob.<ect, with several telescopic stars hi the field. Map IX., Fig. 56. It is situated exactly 
in the pole o/tJu ecliptic. 



LYRA (the H!arp).— map V. 

213. This constellation is distinguished by one of the most 
brilliant stars in the northern hemisphere. It is situated direct* 
ly south of the first coil of Draco, between the Swan on the 

Tblbsoopio OBJiora.— Alpha r Beta! Chunmat Delta? Bpsilonf Itaf Mat 
Triple stars 1 Nebulas ? 

218. How is Lyra distinguishsd f Where iitoatedf Nsmber and sine 'J its prlool* 
ul stars? 
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east, and Hercules on the west ; and when on the meridian, in 
ahnost directly overhead. It contains twentj-one stars, inclad- 
ing one of the 1st magnitude, two of the 3d, and as many oi 
the 4th. -^ ' 

There Lyrat for the brightneM of her start, 
More than their number, eminent; thrice sereQ 
She counts, and ont of tht»e illuiuinatea 
The hearens far 'around, biasing imperial 
In the^r«< order.** 

214. This star " blazing imperial in the first order" is called 
Fega, and sometimes Wtga ; but more frequently, lA/ra^ after 
the name of the constellation. 

There is no possibility of mistaking this star for any other. 
It is situated 14f ° S. E. of Eltanin, and about 30° N. N. E. of 
Ras Alhague and Ras Algethi. It may be certainly known by 
means of two small, yet conspicuous stars, of the 5tli magnitude, 
situated about 2° apart, on the east of it, and making with it a 
beautiful little triangle, with the angular point at Lyra. 

The northernmost of these two small stars is marked SpHlon^ and the southern one 
Z0fa. About 2* S. E. of Zeta, and in a line with Lyra, is a star of the 4th magnitude, 
^ked I>elta^ in the middle of the Harp; and 4* or 5* S. of Delta, are two stars of the 
8d magnitude, about 2" ap<trt, in the garland of the Harp, forming another triangle, whose 
vertex is in Delta. The star on the east is marked Gamma ; that on the west. Beta. If 
» line be drawn fk-om Etanin through Lyra, and produced 6* farther, it will reach Beta. 

This is a variable star, changing from the 8d to nearly the 5th magnitude in the spaci 
of a week*, it is supposed to liave spots on its surface, and to turn on its axis, like 
oar sun. 

Gamma comes to the meridian 21 minutes after Lyra, and precisely at the samt 
B»oment wiUi Bpailon, in the taU of the Eagle, ITJi* S. of It. 

The remarkable brightness of a Lyra has attracted the admi- 
ration of astronomers in all ages. Manilius, who wrote in the 
age of Augustus, thus alludes to it : — 

** Oks, placed in front above the rest, displays 
A vigorous light and darts surprising rays.'* 

Attranomioont B. 1. p. 10. 

HISTORY. 

It \8 generally asserted that this is the celestial Lyre which Apollo or Mercury gave to 
^n>beu8, and upon which he played with such a masterly hand, that even the most rapid 
nrers ceased to flow, the wild beasts of the forest forgot their wilUness, and the moun« 
^ins came to listen to his song. 

Of hU the nymphs who used to listen to his song, Eurydyce was the only one who made 
» deep impression on the musician, and their nuptials were celebrated. TUeir happiness, 
buwerer, was short. Arist»us became enamored of Eurydice, and as she fled from her 
pursuer, a serpent, lurking in the grass, bit her foot, and she died of the wound. Orpheus 
T«so\vea to recover her, or perish in the attempt. With his lyre in his hand, he entered 
toe iofernal regions, and gained admission to Pluto. The king of hell was charmed with 
his strains, the wheel of Ixion stopped, the stone of Sisyphus stood still, Tantalus forgot 
""thirst, and even the furies relented. 

mVo and Proserpine were moved, and consented to restore him Eurydice, provided \\k 
foriMre k>oking behind till he had come to the extremest borders of their dark dominir'na. 

814. Names of the most brilliant star ? How certainly known ? Where are ^;»ffi)co, 
Hta. D^U, Qatoma, and Beta ? What peculiarity about Beta T In a Lyrn t 
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The ooDdlUon was accepted, and Orpheus was alrt;a«iy in sight of th«* uppa <glo>is eC 
»he air, when he forgot, and turned back to look at his hing-iost Eurydice. He saw her 
but she insUntly vanished from his sight. He atteuipteti again to follow her, bui wai 
refused aduiission. 

From this time, Orpheus separated himself from the society of manltind, which so 
nffeuded tlie Thrauiau women, it is said, that they tore his body to pieces, and threw hiir 
head into the liebrus, still articulating ihe words Kurydice I Eurydice ! as it was carried 
down the stream into the J^ean sea. Orplieus was oue of the Argonauu, of which cele- 
brated expedition he wrote a poetical account, which is still extant. After his death, hr 
received divine honors, and his lyre became one of tlie cousu^Uations. 

Tills fable, or allegory, designed merely to represent the power of music in the handf 
of the great roaster of the science, is similarly described by three of the most renowued 
Lutiu poets. Virgil, in tlie fourth book of his Ueorgics, Uius describes the effect of U '• 
lyre:— 

** E^en to thedark dominions of the night 
He took his way, through forests void of light. 
And dared amid the trembling ghosts to sing, 
"^ And stood before the inexorable king. 

The infernal troops like passing shadows glide. 
And listening, crowd the sweet musician's side ; 
Men, matrons, children, and the unmarried maid, 
The mighty hero's more majestic shade. 
And youth, on funeral piles before their parents laid. 
E'en from the depths of hell the damn'd advance ; 
The infernal mansions, nodding, seem to dance ; 
The gaping three-mouth 'd dog forgets to snarl ; 
The furies hearken, and their snakes uncurl ; 
Ixion seems no more his pain to feel, 
But leans attentive on his standing wheel. 
All dangers past, at length the lovely bride 
In safety goes, with her melodious guide." 

Pythagoras and his followers represent Apollo playing upon a harp of seven strings, 
by which is meant (as appears from Pliny, b. ii. c. 22, Macrobius i. c. 19, and Censoriiu 
c. ii.)« the sun in conjunction with the seven planets ; for they made him the leader of 
that septenary chorus, and the moderator of nature, and thought that by his attractive 
force he acted upon the planets in the harmonical ratio of their distances. 

The doctrine of celestial harmony, b} which was meant the music of the spheres, was 
C4)mmon to all the nations of the East. To this divine muiic Euripides beautifully 
tilludes :— " Thee I invoke, thou self-created Being, who gave birth to Nature; and whoiu 
light and darkness, and the whole train of globes encircle with eternal music." — So hM 
bliakspeare : — 

^* Look, how the floor of heaven 

Is thick inlaid, with patines of bright gold ; 

There's not the smallest orb which thou behold'it, 

But in his motion like an angel sings, 

Still quiring to the young-eyed cherubim : 

Such harmony is in inmiortal souls ; 

But, while this muddy vesture of decay 

Doth grossly close it in, we cannot hear it." 

The lyre was a famous stringed instrument, mach used among the ancients, said to 
have been invented by Mercury about the year of the world 2,000 ; though some ascribe 
the invention to Jubal. (Genesis iv. 21.) It is universally allowed, that the lyre was tb« 
flrst instrument of the string kind ever used in Greece. The different lyres, at various 
periods of time, had from four to eighteen strings each. The modern lyre is the Welsh 
luirp. The lyre, among painters, is an attribute of Apollo and the Muses. 

All poetry, it has been conjectured, was in its origin lyric; that is, adapted tc> redta- 
tir u or song, with the accompaniment of music, and distinguished by the utmost boldnesi 
of thought and expression ; being at first employed in celebrating Uie praises of godx 
and heroes. 

Lesbos was the principal seat of the Lyric Muse; and Terpander, a native of tliii 
island, who flourished about 650 years B. C., is one of the earliest of the Lyric povU 
whose name we find on record. Sappho, whose misfortunes have united wirh her talcju 
U> render he. name memorable, was born at Mitylene, the chief city of Lesbos. She was 



Hjstort.— Story of Orpheus and Eurydice ? Design of this myth ? Celebrated b/ whsl 
poets ? Origin of the Lyre, and o* Lyr'c poetry f What «aid ol Pindai'? 
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reckoned a tenth muse, and placed trithoat contniTeny at the head of the female wrltoM 
in Greece. But Pindar, a native of Thebes, who flourished about 000 years B. 0., It 
9tyled the prince of lyric poets. To him his feUow-cltiaena erected a mosametit ; and 
when the Lacedemonians ravaged Boeotia, and burnt the capital, the foUowiof words 
«'ere writteu upon the door of the poet: Fojtnua to boex thu uoosb. It was thb 
DWSI4JNO of Pindar. 

TKLESCOPIO OBJECTS. 

1. a LTR.IS— A aiar with a little companion ; R. A. 18h. 81m. SOs. : Dec. N. 88* 88* CI*. 
A 1, pale sapphire ; B 11. smalt blue. Blap VIU., Fig. 15. 

aLyria is computed to be 400,000 times as remote at our sun; or 88,000,000,000,000 
distant ! And yei what is this to the mean distances of many of those of the 12tb to 15iu 
magnitudes ? 

2. P LtswB — A star with its companions forming a quadruple system; R. A. ISh. 44id. 
Ods.; Dec. N. 83" 10 OS'. A 8, very white and splendid; B 8, pale grey; 8>6, fainf 
yellow ; D 9, light lilac. is regarded as vwiable. 

8. y Lyrm — A lustrous star 7" southeast of Vega, with a minute distant companion 
R. A. ISh. 52m. 57s. ; Dec. N. 82* 28' 05'. A 8, bright yeUow ; B 11, blue ; other tele* 
Bcopic stars in the field. 

4. e LtrjB — A splendid multiplk stas, only l}i' northeast of Tega: R. A. 18h. 8Rm. 
028. ; Dec. N. 89* 8U' 03*. Map VIU., Fig. 16. With small instruments it appears simply 
double ; but with better instruments each of the components are found to be double, and 
binary systems. Between the twin systems are three minute stars. The components of 
the two systems are described as A 5, yellow; B 6)$, ruddy; 5, and D 5)i, both white. 
A, B are the lowest, or northern pair. 

These two twin systems are in motion around a common center of grarity, as well at 
the respective components around each other. The period of the individual systems it 
estimated at about 2,tiU0 years ; while 1,000,000 of years are supposed to be requisite for 
a revolution round the common center of both I 

5. C LTRiB- -A fine doitblr star about 2* south of e ; R. A. ISh. 89m. 15s. ; Dec. N. 87* 
26' 05'. A 5, topaz ; B 5>6, greenish. 

6. V Ltbjb— A neat doublb star 6* east of Vega ; R. A. 19h. 08m. 18s. ; Dec. N. 88* 53 
05'. ' A 5, sky blue ; B 9, violet tint. A fine object for a moderate telescope. 

7. V LTBiK — A QUAORDPLB STAR In the cross-piece of the Lyre ; R. A. ISh. 43m. 4Ss. ; Deo. 
N. 82" 88 0*. A 9, pale yellow ; B 18, bluish ; 11, pale blue ; D 15, blue ; three other 
itars in the field. A very delicate ofctject. 

S. k GLOBULAR CLUSTER, in a Splendid field, between the eastern yoke of Lyra and tht 
head of Cygnus ; R. A. 19h. 10m. 19s, ; Dec. N. 29' 64' 02* . About 5)i* southeast of Lyra, 
towards (i Cygni, and 856* from the latter. Map IX., Fig. 67. 

9. An ANHULAR MEBULA between (3 and y; K. A. 18h. 47m. 87s.; Dec. N. 82* 60' 01'. 
A wonderful object, in the form of an elliptical ring. Supposed by Uerschel to be 900 
times as distant as Sirius. A clear opening through its center, and several stars in the 
field. Map IX., Fig. 58. 



TAURUS PONIATOWSKIL—MAP V. 

215. This small asterism is between the shoulder of Ophiu- 
chus and the Eagle. The principal stars are in the head, and 
of the 4th magnitude. They are arranged in the form of the 
letter V, and from a fancied resemblance to the zodiac Bull, and 
the Hyades, became another Taurus. See description of Ser- 
pentarius, article 206. ^ 

TnjKoopK Ob/bcts. — Alpha? Beta? Oamma? Bpsilon? Point out on the map. 
Zeta? Eta? Nu? What cluster? Point out on the mip. What nebula, and T?h«rr 
«»«indon the map? 

VV&. Describe Taurus Poniatowskii. Where situated! 
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TELESCOPIC OfiJKCTS. 

1. A BMt .AfTBU 8TAI In tKe space between the Polish Bull, and the Eagle*a wing, 8 
east of a Ophluchi. in a line towards AlUir ; R. A. ITh. 5Sin. 17s. ; Dec. N. 11* 59 Od' 
A 8, straw-color; B 6)^, sapphire blue. 

2. A fine plambtabt nebula, in a rich Tlclnlty, in the shoulder; R. A. 18h. 04m. Sis.. 
Dec. N. 6* 49' 02'. A small but bright object, regarded by Prof. Strure as one of the mofl 
various in the heavens. Many telescopic stars in the field. 



SCUTUM SOBIESKI (sobieski's buield).— MAP V. 

216. ITiis small figure is between the head of the Palish Bull, 
and the bead of Sagittarius. Its four principal stars are of the 
5th magnitude ; and it is important chiefly for its Telescopic 
Objects. 

TELESCOPIC OBJECTS. 

1. A DOUBLK STAR 1)$* oortheast of fi Sagittarii ; R. A. ISh. 07m. 878. ; Dec. 8. 19' 56' 
05". A 8 SjS, and B 10, both grey. 

2. A neat doublb star, in a long and straggling assemblage below the Shield ; R. 4. 
18h. 10m. 8<s. ; Dec. S. 17* 11' 07'. A 9, and B 11. both bluish. It is 4* from fi Sagittarii, 
in a very rich ricinity ; several splendid fields lying only about 1* south of it. 

8. A BBAUTiruL CLUSTKR below the base of the Shield ; R. A. 18h. 08m. 49s. ; Dec. S. 18* 
27' 05*. A line from a Aquilss, southwest over A Antinoi, and continued as far again, 
will reach this object. 

4. A SCATTERED BUT LARGE CLUSTER, north-half-east from ft Sagittarii 7* ; R. A. 18h. 
09ra. 44s. ; Dec. S. 18" 50' 05'. Stars disposed in pairs, the whole forming a very pretty 
object in a telescope of tolerable capacity. 

5. A HORSE-SHOE HSBULA just below the Shield ; R. A. 18h. 11m. 28s. ; Dec. S. 16" 15' 08*. 
It has been compared to a Greek Q. Map IX., fig. 59. Five stars in the obtje^t, and 
others in the field, and the region around It particularly rich. Sir William Uerschel 
computed that there were 285,000 stars in a space 10* long, and2H* wide; man; of 
which were 2,800 times as far off as Sirius i 



SAGITTARIUS (the archer).— MAP V. 

211. This is the ninth sign and the tenth constellation of the 
Zodiac. It is situated next east of Scorpio, with a mean decli- 
nation of 35^ S., or 12° below the ecliptic. The sun enters this 
sign on the 22d of November, but does not reach the constel' 
lation before the tth of Decenjber. It occupies a considerable 
space in the southern hemisphere, and contains a number of sub- 
ordinate, though very conspicuous stars. The whole number of 
its visible stars is sixty-nine, including five of the 3d magnitude, 
and ten of the 4th. - 

Telescopic Objects.— What double star f What nebula ? 

216. Situation and components of Scotum Sobieski ? For what chiefly important F 
Telescopic Objects.— What double stars ? Clusters? Nebula? 

217. Order of Sagittarius, in the signs and constellations? When do«8 tho MS tntt< 
tr^Hffnf The con^/Jationflta extent} Number and siie of its stAti ? 
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218. Sagittarias may be readily distinguished by means of fire 
stars of the 3d and 4th magnitudes, forming a figure resem- 
bling a little, short, straight-handled dipper, turned nearly bot- 
tom upward, with the handle to the west, familiarly called the 
Milk-Dipper, becanse it is partly in the Milky-Way. 

This little figure is so conspicuous that it cannot easily be 
mistaken. It is situated about 33^ B. of Antares, and comes 
to the meridian a few minutes after Lyra, on the 17th of Au- 
gust. Of the four stars forming the bowl of the Dipper, the two 
upper ones are only 3° apart, and the lower ones 6°. 

The two smaUer stars forming the handle, and extending westerly about 43<*, and the 
easternmost one in the bowl of the Dipper, are all of the 4th magnitude. The star in 
the end of the handle, Is marked Lambda^ and is placed in the bow of Sagittarius, Just 
within the Milky- Way. Lambda may otherwise be known by its being nearly in a line 
with two other stars about 4X* apart, extending toward the S. £. It is also equidistant 
from Phi and Detta^ with which it makes a handsome triangle, with the vertex In 
Lambda. About 5* above Lambda, and a little to the west, are two stars close together 
Id the end of the bow, the brightest of which is of the 4th magnitude, and marked Mu. 
This star serves to point out the winter solstice, being about 3* N. of the tropic of Capri- 
com, and less than one degree east of the solstitial colure. 

If a line be drawn from Sigma through Phi, and produced about 6* farther to the west, 
Vt will point out Delta^ and produced about 8* from Delta, it will point out Gamma ; stars 
of the 8d magnitude, in the arrow. The latter is in the point of the arrow, and may be 
Hnown by means of a small star Just above it, on the right. This star is so nearly on the 
»ame meridian with Etanln, in the head of Draco, that it culminates only two minutes 
aaerlt. 

A few other conspicuous stars in this constellation, forming a variety of geometrical 
figures, may be easily traced from the map. 

HISTORY. 
This constellation, it is said, commemorates the famous Centaur Ohlron, son ^f Philyra 
RQd Saturn, who changed himself into a horse, to elude the Jealous inquiries of his wife 
Rhea. 

Chiron was famous for his knowledge of music, medicine and shooting. He taught 
mftDkind the use of plants and medicinal herbs; and instructed, in all the polite arts, 
j»e greatest heroes of the age. He taught iBsculapius physic, Apollo music, and Her 
cuies astronomy ; and was tutor to Achilles, Jason, and JSneas. According to Ovid, he 
Was slain by Hercules, at the river Evenus, for offering indignity to his newly marriei 
onde. 

** Thou monster double shap'd, my right set free-> 
Swift as his words, the fatal arrow flew ; 
The Centaur's back admits the feather'd wood. 
And through his breast the barbed weapon stood ; 
Which, when in anguish, through the flesh he tore. 
From both the wounds gush'd forth the spumy gore." 

fTk® »'To^ which Hercules thus sped at the Centaur, having been dipped In the blood 
•f the Lernsean Hydra, rendered the wound incurable, even by the father of medicine 
Q|tQseU,and he begrf d Jupirer to deprive him of immortality, if thus he might escape 
n>9 excruciating paiui. Jupiter granted his request, and translated him to a plnc^ 
•mong the consteUations. 

** Midst golden stars he stands refulgent now, 
And thrusts the Scorpion with his bended bow." 
This is the Grecian account of Sagittarius ; but as this constellation appears on th« 
fcocient lodiacs of Egypt, Dendera, Esne, and India, it seems conclusive tliat the Oreeki 

218. How distinguished? Where is Lambda? How known? Where are Mu, Delta. 
*na Oamma ? 

History — What does Sagittarias oomnMmorate ? Story of Chiron ? What said uf tb« 
^^tVquity of this constellattoo 
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enty l>or*o%o^ thfjlgure, wlUle they invented the fable. This U knowc to b« tn*e -with 
respect to ven many of the ancient constelladont. Uenoe the Jargon of the coofliQUnif 
aocoonts which have descended to us. 

TELESCOPIC OBJECTS. 

1. fi SiOTTTAiui— A MTTLTiPLi STAR In thc north- end of the Archer's bow ; R. A. 18h. 
Oim. lis. ; Dec. 8. 21* 05' U7' About 25" east-northeast of Antares. A 8^, pale yellow; 
D 16, blue^ C 9)$, and D 10, both reddish. 

2. a Sagittikii— A star with a distant companion in the Archer*s right ahoulder; 
R. A. ISh. 45m. 308. ; Dec. S. 26* 29' 08'. A 8, ruddy ; B 9}<, ash-colored. 

8. A very delicate triplb star, between the heads of Sagittarius and Capricorn, about 
V5* sAuth-by-west of Altair, and 10* west of H Capricomi; K. A. 19h. 81m. 8Ss. ; Dec. S 
16* 89' 02*. A 5)i, yellow ; fi 8, violet ; C 16, blue. Other smaU stars in the field. 

4. A LAROB AMD OOARSS CLUSTKH of mlnute stars, close to the upper end of the bow, and 
In the Galaxy ; R. A. ISh. 08m. 08s. ; Dec. S. 21* 86' 01'. Stars of the 10th to 18th mag- 
nitudes. A rich field of no particular form. 

5. A L006KCLC8TBR In the Galaxy, between the Archer's head and Sobleski's Shield; 
R. A. 18h. 22m. 14s. ; Dec. S. 19* 10' 02'. The most prominent are a pair of 8th magni> 
tude stars. It is about 5* northeast of //, Sagittarii. 

6. A nNK GLOBULAR CLUSTKR between the head and bow, near the solsticial colore; 
R. A. 18h. 26m. 25s. ; Dec. S. 24* 01' 04*. A fine group, compressed towards the center, 
with several single stars in the field. Map IX, Fig. 60. 



CORONA AUSTRALIS (thk sotjtheen oeown).— MAP V. 

219. This is a small and unimportant constellation near tbe 
fore-legs of Sagittarius ; and between them and the Milky- Way. 
R. A. about 18h. 44m.; Dec. S. 40°. Its four principal stars 
are of the 6th magnitude, situated near each other, and arranged 
in a gentle curve line, lying north and south. It has no Mytho- 
logical History, or Telescopic Objects worthy of notice. 



AQUILA ET ANTINOUS (the eagle and antinous).— MAP V. 

220. This double constellation is situated directly south of 
the Fox and Goose, and between Taurus Poniatowskii on the 
west, and the Dolphin on the east. It contains seventy-one 
stars, including one of the 1st magnitude, nine of the 3d, and 
seven of the 4th. It may be readily distinguished by the 
position and superior brilliancy of its principal star. 

221. Altair, the principal star in the Eagle, is of the 1st, or 
between the 1st and 2d magnitudes. It is situated about 14"^ 

Tklescopio Objects.— Mu? Sigma? What triple star? What clusters? Which 
9hown on the map? Point it out. 

219. Describe Corona Australis. Its principal stars ? History and Telescopic OHfects? 
J90. Situation of Aquila and Antinous? Number and size of its principal Ntars' 
221 Altair— how known ? Stars each side of it? Use of Altair in navigation '^ Wh«» 
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S. W. of the Dolphin, It may be known by its being the 
largest and middle one of the three bright stars which are 
arranged in a line bearing N. W. and S. E. The stars on each 
side of Altair are of the 3d magnitude, and distant from it about 
2°. This row of stars very much resembles that in the Qoards 
of the Lesser Bear. 

Altair is one of the stars from which the moon's distance is 
taken for computing longitude at sea. Its mean declination is 
nearly S^^ ^N., and when on the meridian, it occupies nearly the 
same place in the heavens that the sun does at noon on the 12 th 
tlay of April. It culminates about 6 minutes before 9 o'clock, 
on the last day of August. It rises acronically about the begin- 
uing of June. 

Ovid alludea to the rising of this constellation ; or, more probably, to that of the prtn- 
6.pal star, Altair ^~ 

" Now view the skies* 

And you'll behold Jove's hook'd-biU bird arise." 

Mas9ey^9 FatU. 



-** Among thy splendid group 



Omk dubious whether of the Sbcond ram k, 
Or to the First entitled ; but whose claim 
Seems to deserve the First." 

EudoHa, 

The northernmost star in the line, next above Altair, is called Taraued. In the wing 
of the Eagle, there is another row composed of three stars, situated 4* or b" apart, 
extending down toward the southwest ; the middle one in this line is the smallest, b«ing 
only of the fourth magnitude ; the next is of the 8d magnitude, marked Delta^ and 
Bitnated 8' 8. W. of Altair. 

As you proceed from Delta, there is another line of three stars of the 8d magnitude, 
between ft" and 6' apart, extending southerly, but curving a little to the west, which 
mark the youth Antinous. The northern wing of the £agle is not distinguished by any 
conspicuous stars. 

2eta and EpsUon, of the 8d magnitude, situated in the tail of the Eagle, are about 2* 
Apart, and 12* N. W. of Altair. The last one in the tail, marked Epsilon, is on the same 
meridian, andk culminates the same moment with Gamma, in the Harp. 

From Epsilon, in the tail of the Eagle, to Theta, In the wrist of Antinous, may be tracei 
& loDg line of stars, chiefly of the 8d magnitude, whose letter names are Theta, Eta, Mu, 
Zeta and Epsilon. The direction of this line is from S. £. to N. W., and iU length is 
about 25». 

Sta is remarkable f<fr its changeable appearance. Its greatest brightness continues 
l>ut 40 hours; it then gradually diminishes for 66 hours, when its luster remains station- 
ary for 80 hours. It then waxes brighter and brighter, until it appears again as a star 
oftheSd magnitude. 

From these phenomena, it is inferred that it not only has spots on its surface, like our 
Wtt, bat that it also turns on its axis. 

Similar phenomena are observable in Algol, Beta, in the Hare, Delta, in OepAdU, and 
^cron, in the Whale, and many otliers. 



' Aquila the next. 



Divides the ether with her ardent wing: 
Beneath the Swa/n nor far from Ptga«utf, 
PoBTic Eaglb." 



{petic quotation? Where are Tarazed and Delta? Zeta and IpsUoar Theta? Tita 
fU what reratrkablc ? 
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mSTORT. 

AqulUt or the Bagle, If a constellation usually Joib«id with Antinous. AqmU la JUf* 
posed to hare b«en Merops, a king of the island of Cos, in the Archipelago, and the hoo^ 
»><iud of Gljrmene, the mother of Phcton ; this monarch having been transformed into an 
eagle, and placed among the constellations. Some hare imagined that Aquila wius the 
fMgle whose form Jupiter assumed when he carried away Ganymede; others, that it 
represents the eagle which brought nectar to Jupiter while he lay concealed in the CAve a* 
Ci ett, to avoid the fury of bis lather, Saturn. Some of the ancient poets say, that ibic 
la the eagle which furnished Jupiter witli weapons in his war with the giants : — 
*♦ The towering Eagle next doth boldly soar, 
As If the thunder in his claws he bore; 
lie*s worthy Jove, since he, a bird, supplies 
The heaven with sacred bolts, and arms (he skies." 

The eagle is Justly styled the ** sovereign -of birds," sinc^ he is the la-gebt, strongest, 
ond swiftest of all the feathered tribe that live by prey. Uomer calii the eagle, ** the 
strong sovereign of the plumy race ;" Ilorace styles him — 

** The royal bird, to whom the king of heaven 
The empire of the feathered race has given :" 

And Milton denominates the eagle the ** Bird of Jove.*' Its sight is quick, itrong and 
piercing, to a proverb : Job xxix., 23, Ac. 

** Though strong the hawk, though practised well to 0y, 
An eagle drops her in the lower sky ; 
An eagle when deserting human sight. 
She seeks the sun in her unwearied flight; 
Did thy command her yellow pinion lift 
So high in air, and set her on the clift 
Where far above thy world she dwells alone. 
And proudly makes the strength of rock^ her own ; 
Thence wide o'er nature take>t her dread survey, 
And with a glance predestinates her prey ? 
She feasts her young with bluod ; and hovering o*er 
The unslaughtered host, enjoys the promisef^ gore." 

ANTINOUS. 

A: linous is a part of the constellation Aquili, and Wa^ invented by Tycho Bra/te 
An • nous was a youth of Bithynia, in Asia Minor. So greatly was his death lamented 
by the emperor Adrian, that he erected a tesuple to his memory, and built in honor of 
him a splendid city, on the banks of the Nile, the ruins of which are still yisited hf 
travelers with much interest. 

TELESCOPIC OBJECTS. 

1. a Aqitilji (Altair) — A bright star in the neck, with a distant companion ; R. A. 
19h. 42m. 538. ; Dec. N. 8' 26 0$'. A 1^, pale yellow ; B 10, violet Unt. 

2. (3 Aquiub {Alshain)—A. ootmLB star, also in the nerk of Aquila, and the head of 
Antinous; R. A. 19h. 47m. 268.; Dec. N. 6' 00* 07'. About %H' south-southeast of 
Altair. A 8)<S, pale orange ; B 10, pale grey ; with other stars in the field. 

8. y AQunJB (TantBed)—A. star in the back of Aquila, on a line with a and $•, with a 
minute companion ; R. A. 19h. 83m. 888. ; Dec. N. 10' 18* 06'. A 8, pale orange; B 12, 
dusky ; other stars around. 

4. 6 AQUiLiB, in the southern wing ; R. A. 19h. 17m. 25f . ; Dec. N. 2* 48' 00*. Has a 
distant companion. A 3)^, white ; B 12, livid ; other stars In the field. 

ft. ^ AQUiLiB, in the tail ; R. A. 18h. 53m. 023. ; Dec. N. 18* 87' 08*. A 8, greenish tint; 
B 11, livid; two other stars in the field. 

C. A neat doublb star on the margin of the lower wing; R. A. ISh. 57m. 59s. ; Dee. N. 
6 ' 18' US'. A 7)^, lucid white ; B 9, cerulean blue. A fine object, not difficult to find, aa 

H.'fiTORT.— Different suppositions respecting? Manillas? Horace? Miltcn? Wtat 
SJiii uf Antinous? 

TBLB400PIG Objrcts.— Alpha? Beta? Oamma? Delta? Xi? Ottier dooMe ittf"' 
What clusters ? Which shown on the map? What nelfobi f 
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it lies 10* dne loi fch of X Antinoi, a 3d raafnltnde fUr, aod 18* west of fl AquHa. 'the 
bri«^cest object of it8 immediate neighborhood. 

7. A wmx DOVBiM STAR aboot 4* weit-by^soath of X Antinoi, between the foot and 
8obie«ki'8 Shield ; B. A. 18h. 4im. 07b. ; Dec. 8. •* 06' 08*. A 7, orange tint; B f, cero- 
>:aQ blue. Many telescopic start in the field. 

8. A spuMDm CLU8TBR close to the southeast of the last described oltject; R. A. ISh 
ISm. 828.; Dec. S. 6* 27' 02'. It is between the left foot and Sobieski's Shield. A gor' 
geotts okject '* somewhat resembling a flight of wild ducks in shape/* has an 8th magui* 
tude star In the middle, and two larger east of it ; probably ail three between us and 
the cluster. Map IX., Fig. 61. 

9. A L006B CLUSTBR between the lower wing and the leg of Antinoos, and 18* soathw»tt 
)f Altair, on a line from Vega through e Aqullas : R. A. 19h. 08m. 86«. ; Dec. S. 1* 11' 09' 
A splashy group of stars from the 9th to the l*2th magnitudes, on the easteft margin of 
the Galaxy. 

10. A 8TKIXAB KBBUiji on the Eagle*s back, about &* west of Altair: R. A. 19h. 28m. 
»8. ; Dec. N. 8* 64' 01'. A minute object in the Milky- Way ; and in the most powerful 
telescopes, fac-shaped. 

SA.GITTA (the arrow.)— MAP V. 

222. Sagitta is a small but old constellation between the 
Fox and Goose on the north, and the Eagle on the south. Its 
two principal stars are of the 4th magnitude, and lie nearly east 
and west, about 4° apart. The next two largest stars are of the 
5)th magnitude. 

TELESCOPIC OBJECTS. 

1. t SAGrrrjB —A star with a distant companion about 8* north-northwest of Altair, en 
a line towards Yega; R. A. 19h. 80m. 08s. ; Dec. N. 16* 08' 5'. A 6, pale white ; B 8t 
light blue. 

2. ^ SAorrrjB— A neat doublk star Just above the Arrow, 9* south by east fjrom /? 
CyKn\,and 10* north of Altair; R. A. I9h. 41m. 58s.; Dec N. 18* 44' 8'. A &, sUrery 
white ; B 9, blue. 

8. 1^ SAGrrrjB — A triplb 8ta« near the head of the Arrow, about half-way flrom 
^gni to a Delphini ; R. A. 20h. 02m. 58s. ; Dec. N. 20* 26' 6'. A 7, pale topaa; B 9, grey* 
C 8, pearly yellow. 

4. AfticB OOMPRB8SRD CLUSTBR on the shaft of the arrow, 10* northeast of Altair 
R A. 19h. 46m. 868. ; Dec. N. 18* 22' 1*. Telescopic stars around it. 



ANSER ET VULPEOULA (the fox and goose).— MAP V. 

223. This is a modern constellation, situated between the 
Swan on the north, and the Arrow or the Dolphin and Eagle on 
the south. It is composed of some thirty stars, the largest of 
which is of the 3d magnitude. 

TELESCOPIC OBJECTS. 
1. A st.'ir vTiih a distant companion on the nose of Reynard, and neck of Um €N>om 
^V sonlh of /3 Cygni ; R. A. 19h. 22m. 08s. ; Dec. N. 24* 20' T*. 

^22. Describe Sagitta-— its principal stars. 

TKLn,concOBJKcrs.~Ep8ilon? Zeta? What triple start Olastor? 
^. I>ehi*ribe the Fox and Goo*^). Its eom|»oncnt stars ? 
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H. A wiDK pouiu 8TA1I, 11 H* nofth of Altair. between the Fox and the Arrov, In (hi> 
eastern edge of the Oalazjr; K. A. l»h. 4tfui. ^; Dec. N. l»* 65' 5*. A and B both? 
•Old both white. 

8. A LARGE HTKAOOLnio CLUSTKK OD the neck of the Goose, and abont S* from fi Cjgni; R. A. 
I9h. %i)m. 40s. ; Dec. N. W 49 8'. Two 7th magnitude stars in the w«8t. The oiuatei 
has the form of a Greek U. 

4. The celebrated dumb-bku. kbbula, on the Fox*8 breast, about 7* soatheaat of Cygni, 
and nearly half-way between it and the Dolphin ; R. A. 19h. Mm. 89s. ; Dec. N. 82* 17' 1'. 

iMHp IX., Fig. 02.) This magnUlcent and singular ol^eot is in a crowded Ticimtjr, where 
ivld after field is rery rich. 



CHAPTER XI. 

CONSTELLATIONS ON THE MERIDIAN IN SEPTSMBIR. 

DELPHINUS (THE DOLPHm).--MAP V. 

224. This beautiful little cluster of stars is situated 13" or 
1 4° N. E. of the Eagle. It consists of eighteen stars, including 
four of the 3d magnitude, but none larger. It is easily distin- 
guished from all others, by means of the four principal stars in 
the head, which are so arranged as to form the figure of a dia- 
mond, pointing N. E. and S. W. To many, this cluster is 
known by the name of Job^s Coffin ; but from whom, or from 
what fancy, it first obtained this appellation, is not known. 

225. There is another star of the 3d magnitude, situated in 
the body of the Dolphin, about 3** S. W. of the Diamond, and 
marked Epsilon, The other four are marked Alpha, Bda, 
Gamma, Delta, Between these are several smaller stars, too 
small to be seen in presence of the moon. 

The mean declination of the Dolphin is about 15° N. It 
comes to the meridian the same moment with Deneb Cygni, and 
about 50 minutes after Altair, on the 16th of September. 

•* Thee I behold, mnjestic Cygnus^ 
On the m.irge dancing of the heavenly sea, 
Arion's friend ; eighteen thy stars appear— 
One telescopic.*' 



I'M wcopio Objects.— What double stars ? Cluster ? Nebula ? Point ont oa the map. 

5t24. Constellations in this chapter? Delphinusf Nnraber and size of start? Uo« 
Jistl jgulshed ? What other name has this constellation ? SI5. Where are B|>tik>» 
Alpha, Beta, Oamma and Delta ? Mean declination, An. 
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UISTORT. 

The DolpLiu, according to some mjthologists, was mnde a constellation by Neptan« 
oecHuse cue of thcs« beHUtiful fishes bad persuaded the gcxhless Aniphltrite. who bad made 
a vow of perpetual celibacjr, to becume the wile of that deity ; but others maintain, thai 
it is the ootphin wliiclt preserved the fatuous lyric poet and musicUn Arion, who was ft 
«hUvo of Lesboif, an island in tiie Arctii|teiago. 

Ue went to Italy with Periander, tyrant of Corinth, where he obtained immense r'.rh'^ 
by his profession. Wishing to revisit his native country, the sailors of the ship in whi :b 
he embarked resolved to niordcr him, and get possession of nis wcaltlu Seeing Utem 
immovable in tlieir resolution, Arion begged p rmission to pluy a tune upon his Ijie 
'>efore he should be put to death. The melody of the instrument attracted a number of 
iolphlns arouutl tlie sliip; he immediately precipitated himself into the sea; when one 
)f them, it is asserted, carried him safe on his bacic to Tu;tiarus, a promontory of Laco- 
nia, in Peloponnesus ; when he hastened to the court of Periander, who ordered all th« 
sailors to be crucified at their return. 

** But (past belief), a dolphin*s arched back 
Preserved Arion from his destined wrack ; 
Secure he sits, and with harmonious strains 
Requites his bearer for his friendly pains.'* 

When the fiamoas poet Hesiod was murdered in Naupactum, a city of JEtoUa, in Greece, 
and his body thrown into the sea, some dolphins, it is said, brought back the floating 
corpse to the shore, which was immediately recognised by his friends ; and the assassiita 
being afterwards discovered by the dogs of the departed bard, were put to death by 
Immersion in the same sea. 

Taras, said by some to hare been the founder of Tarentnm, now Tarento, in the south 
of Italy, was saved from shipwreck by a dolphin ; and the inhabitants of that city pre- 
served the memory of this extraordinary event on their coin. 

The natural shape of the dolphin, however, is not incurvated, so that one might ride 
upon its back, as the poets imagined, but almost straight. When it is first taken from 
the water, it exhibits a variety of exquisitely beautiful but evanescent tints of color, that 
pass in succession over its body until it dies. They are an extremely swift-swimming 
fish, and are capable of living a long time out of water ; in fact, they seem to delight to 
gambol, and leap out of their native element. 

" Upon the swelling waves the dolphins show 
Their bending backs; tlien swiftly darting go. 
And in a thousand wreaths their bodies mow." 

TELESCOPIC OBJEOTS. 

1. a BsLPHivi — A bright star with a distant telescopic companion: R. A. fOh. 89m« 
18s. ; Dec. N. 15* 21' 01% A 8^, pale white ; B 13, blue. 

S. P Dblphuii— A delicate thiplk stab on the Dolphin's body, l}i* sonth-by-west of a, 
in a line with ii Qygni and y Lyrse; R. A. aOh. 80m. 08s.; Dec. N. U* 08' 06*. A 4, 
greenish tinge ; B 15, and C 12, boUi d^kj. 

8. y Dblphimi— A beautiful xk)dblk stab In the head, 2* east of a ; R. A. SOh. 89ro. 
ItM.: Dec. N. 15' 88' 02'. A 4, yeUow; B 7, light emerald, with a third star about 2* 
distant. 

4. A delicate qitaobupui stab, near e in the tail ; R. A. 20h. 28m. 85s. ; Dec. N. 10* 43' 
M\ A 7H, and B 3, both white; 16, blue; D 9, yellowish; several other small stars 
^ the field. Bfap VIU., Fig. 17. 

5. A SMALL BBiOHT CLOSTBR, in the Dolphin's tail, B}i' south of f ; R. A. 20h. 26m. 2l8. ; 
Dec. N. 6* 58' 02'. Just east of a 9th magnitude star — a coarse telescopic pair at a 
distance, and several minute stars in the field. 

6. A snaall plabbtarv kbbula, betwen the pectoral fin and the arrow head, 6* north- 
northwest of a, and exactly on a line towards Vega Lyrie ; R. A. 20b. 16m. 158. ; Dec. N. 
19' 85, 06*. It is in a coarse cluster, in the center of which are foui c»-r<>i>ir>.'inrui ■taro. 



nisroRT.— Accoants of the origin of Delphlnuaf What said of Hesiod f Of Taras? 
^f the natoral shape, Ac^ 

Tblbboopio OBiBCTS.— Alpha? Beta? Oammaf What quadruple star? Folot o«t 
Bitlicmap. What duster ? Nebula T 
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CYGNUS (THE SWAN).— MAP V. 

226. This remarkable eonstellatioa is situated in the Miikj 
Way, directly E. of Lyra, and nearly on the same meridian wi lb 
the Dolphin. It is represented on outspread wings, flying down 
the Milky- Way, toward the f.outhwest. 

The principal stars which mark the wings, the body and the 
bill of Cygnus, are so arranged as to form a large and regular 
Cross ; the upright piece lying along the Milky-Way from N. E. 
to S. W., while the cross piecty representing the wings, crosses 
the other at right angles, from S. E. to N. W. 

227. Arided or DeneA Gygni, in the body of the Swan, is a 
jtar of the second magnitude, 24° E. N. E. of Lyra, and 30° 
directly N. of the Dolphin. It is the most brilliant star in the 
constellation. It is situated at the upper end of the cross, and 
comes to the meridian at 9 o'clock on the 16th of September. 

&t4Pr is a star of the 8d magnitude, 6* 8. W. of Deneb, situated exactly in the trots, 
or where the upright piece intersects the cross piece, and is about 20° £. of Lyra. 

Delta, the principal star in the west wing, or arm of the cross, is situated N. W. of 
Sad'r, at the distance of little more than 8°, and is of the 8d magnitude. Beyond Delta, 
toward the extremity of the wing, are two smaller stars about 5* apart, and inclining a 
little obliquely to the north ; the last of which reaches nearly to the first coil of Draco. 
These stars mark the west wing; the east wing may be traced by means of stars very 
similarly situated, 

G-ienah is a star of the 8d magnitude, in the east wing, Just as far east of Sad'r in the 
center of the cross, ba Delta is west of it. This row of three equal stars, Delta, Sad'r 
and Gienah, fom) the bar of the cross, and are equi-distant from each other, being about 
8* apart. Beyond Gienah on the east, at the distance of 6° or 7*, there are two other 
stars of the 8d magnitude; the last of which marks the extremity of the eastern wing. 

The stars in the neck are all too small to be noticed. There is one, however, in the 
beak of the Swan, at the foot of the cross, called AWireo, which is of the 8d magnitude, 
and can be seen very plainly. It is about 16" S. W. of Sad'r, and about the same dis- 
tance S. E. of Lyra, with which it makes nearly a right angle. 

** In the small space between Sad'r and Albireo," says Dr. Herschel, " the stars in the 
I'alky-Way seem to be clustering into two separate divisions ; each division containing 
more than ons hundred and aiaty-^e ihoutand atarK." 

Albireo bears northerly from Altair, about 20*. Immediately south and southeast of 
Albireo, may be seen the Fox and Goosi; and about midway between Albireo and Altair, 
there may b« traced a line of four or five minute stars, called the Arrow ; the head of 
which is on the S. W., and can be distinguished by means of two stars situated close 
together. 

228. According to the British catalogue, this constellation 
contains eighty-one stars, including one of the 1st or 2d magni- 
tude, six of the 3d, and twelve of the 4th. The author of the 
following beautiful lines says there are one hundred and seven. 

••Thee, silver Swan, who, silent, can o'erpasst 
A hundred with seven radiant stars compose 
Thy graceful form : amid the lucid stream 

296. Situation of Cygnus? How represented? Figure made by its principal ttarf/ 
Its position? 227. Which is the brightest of its stars? Describe Sad'r, Delta, Oienab, 
Albireo. Remark of Dr. Herschel? SSs. Number of stars in CSTgnui? Variable 
stnrs ? What %rr t?icy supposed to indica<o ? 
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or the fttir MUky-Way dUttnfuIs\ed : ons 

Adorns the necond order, where ihe cuts 

The waves that follow in her utmost track ; 

This never hides its fire throughout the night, 

And of the rest, the more conspicuous mark 

Uer snowy pinions and refulgent neck."— iTtM/oiia, b. It. 

Astronomers have discovered three variable stors In the 8wan« CM, s tuated In tb« 
Leek, between BeU and SadV, was first observed to vary iu brightness in ltfS6. Its peri- 
odical changes of light are now ascerUined to be completed in 406 days. ^toc/V is aiss 
changeable. Its greatest luster is somewhat less than that of a stnr of the 8d magnitude, 
and it gradually diminishes till it reaches that of the 6th. Its changes are far from being 
rtrgular, and, from present observations, they do not seem to recur till after a period of 
ten years or more. 

A third variable star was discovered in the head on the 20th of June,1670,by Anthelme. 
It appeared then to be of the 8d magnitude, but was so far diminished in the following 
October, as to be scarcely visible. In the beginning of April, 1071, it was again seen, and 
was rathrr brighter than at first. After several changes, it disappeared in March, 167S^ 
and has not been observed since. 

These lemarkable facts seem to Indicate, that there is a brilliant planetary system in 
this co£iBtellation, which, in some of its revolutions, becomes visible to us. 

HISTORY. 

Ifytholog^sts give various accounts of the origin of this constellation. Some suppose 
it is Orpheus, the celebrated musician, who, on being murdered by the cruel prlestens of 
Bacchus, was changed into a Swan, and placed near his Harp in the heavens. 0th prs 
suppose it is the swan into which Jupiter transformed himself when he deceived Lrda, 
wife of Tyndarus, king of Sparta. Some affirm that it was Cycnos, a son of Nepfjoe, 
who was so completely invulnerable that neither the Javelins nor arrows, nor even the 
blows of Achilles, in furious combat, could make any impression. 

** Headlong he leaps from off his lofty car, 
And in close fight on foot renews the war ; — 
But on hiR flesh nor wound nor bloo<l is seen, 
The sword itself Is blunted on the skin." 

But when Achilles saw that his darts and blows had no effect on him, he Immediately 
threw him on the ground and smothered him. While he was attempting to despoil hioi 
of his armor, he was suddenly changed into a swan. 

"With eager haste he went to strip the dead; 
The vanished body from his arras was fled. 
His sea-god sire, ti) ImiDortalise his (kme. 
Had turned it to a bird that bears his name.** 

According to Ovid, this constellation took Its name from Cycnus, a relative of Pha/ton, 
who deeply lamented the untimely fate of that youth, a'^d the melancholy end Qi hia 
listers, who, sUnding around his tomb, wept themselves into poplars. 

** Cycnus beheld the nymphs transformed, allied 
To their dead brother on the mortal side. 
In friendship and affection nearer bound ; 
He left the cities, and the realms he owned. 
Through pathless fields, and lonely shores to range; 
And woods made thicker by the sisters* change: 
While here, within the dir.mal gloom alone. 
The melancholy monarch made his moan ; 
His voice was lessened as he tried to speak. 
And issued through a long-extended neck: 
His hair transforms to down, his fingers meet 
In skinny films, and shape his oary feet ; 
From both his slides the wings and feathers break: 
And from his mouth proceeds a blunted beak ; 
All (^cnus now into a swan was turned."— OoicTt Met, h. tt. 

Hbtort.— Various accounts? Story of Oycnua and Achilles f 0vid*8 aooooatf fU 
gllS remarks respectljig the Swan T 
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TlryC, alM, . ^ tke 10th book of hU JKneld, mUvda to the same ftftbiu!— 
** for Cyonufl loved unhappy Phaetoa, 
Aod sang hto loss Sn poplar groves alono 
BeDoath the sister shades to soothe his grief; 
llearen hoard his song, and hastenM his relief 
i^nd changed to snowy plumes his hoary hair, 
A^d wing'd his flight to sing aloft in air." 
Of an th« feathered race, there is no bird, perhaps, vhlch tnakes so beautiM an4 
BiUo*(ic an appearance as the.swan. AluK>st every poet of eminence has taken notice 
of it. The swan has, probably, in all ages, and in every country where taste and ele- 
gance have been cultivated, been eonsidercfd as the emblem of poetical dignity, parity, 
and ease. By the ancienU it was consecrated to Apollo and the Muses ; they also enter- 
tained a notion that this bird foretold its own end, and sang more sweety at tha 
approach of death. 

" She, like the swan 
Expbing, dies in melody.'*— JRm^^im. 
** So on the silver stream, when death to nigh. 
The mournftil swan sings its own elegy." MuPt THttku 

TELESCOPIC OBJECTS. 

1. a CroMt {Detub) — A bright star on the back of the Swan, with a telescopic com- 
panion ; K. A. 20h. 85m. 57s. ; Dec. N. W 42' 07*. A 1, briUiant white ; B 12>$, pale bine. 

2. IS Cyomi (Albireoy—A brif ht doublb star on the bill of the figure ; R. A. 19h. S4m. 
16s. ; Dec. N. 37* 87' 07'. About 18)6* souch-southeast of Vega. A 3, topas yellow ; B 7, 
sapphire blue ; the colors in brilliant contrast. A flue object, and the first double star 
ever seen by the present editor. 

8. d Ctqsii— A most delicate doublb star in the middle of the left wing, 14* west of a 
Cygni; R. A. 19h. 39m. 5Sfl.; Dec. N. 44* 44' 06*. A 8H, P«le yeUow; B 9, sea green. 
Another beautiful object. 

4. C Ctomi— A star with a distant companion, on the tip of the right wing ; R. A. 31h. 
Otfui. 07s.; Dec. N. 29* 84' U5'. A 8, pale yo.low; B lU, sky blue; the field rich in 
small stars. 

5. ?i Croxi— A close doublb star in the right or lower wing, with a distant companion; 
R. A. 20h. 41m. lis. ; Dec. N. 85* 54' U8'. A 5, B 10, and C 6, all bluish. 

• 6. fjt Croxi— A beautiful doublb star, with a distant companion, on the very tip of the 
right wing; R. A. 21h. 8«m. 59s.; Dec. N. 88* 01' 04'. A 5, w'lite; B <C and 7H. 
both blue. 

7. A bin art star (61 Cygni) — the most remarkable known in the heavens. It Is situ- 
ated ou the inner tip of the right wing of Cygnl, 7)4* south-by-east of Deneb, and nearly 
east of Vega ; R. A. 90h. 59m. 48s. ; Dec. N. 87* 58' 0*. A 5>$, and B 6, both yellow, but 
the latter of the deepest tint. From the great rapidity of its proper motion, this star is 
regarded as one of the nearest to our system. It affords a {losiiive instance of a duublo 
star which, besides the individuals revolving round each other, or about their common 
center of gravity, has a progressive uniform motion towards some determinate region. It is 
supposed to be not less than 412,000 times tiie diameter of the earth's orbit from us; or 
88,190,000,000,0(H) miles disUnt; and to be moving through space 60,000 times as fast as 
Mercury — the swiftest body known to our system. The period of 61 Cygni as a binary 
system, U about 450 years. Fur orbit, £c., see Map VIII., Fig. 18, and 19. 

8. A fine docblb btar on the tip of the left wing, 10* northwest of a Cygni, and within 
1* of d; R. A. 19h. 87m. 84s. ; Dec. N. 50* 09 8*. A 6^ and B 7, both pale fawn color. 

9. A wiDB quaoruplb star in a rich field, on the Swan's left thigh, about 8* west by 
north of Deueb ; R. A. 20h. USm. 8Cs. ; Dec. N. 46* 15' 6*. A 4, orange ; B 16, livid ; IHi 
and D 5}^, both cerulean blue. Not the effect of contrast. 

10. A mbat small clustkr in the root of the neck, about 2* south of y: R. A. SOh. ISoL 
ITs. ; Dec. N. 87* 69' 9*. A 8, yeUow ; B 11, dusky. 

11. A LOOBB SPLASHT CLUSTBR in R rich vicinity, between the Swan*s tail and the Uiard, 
due ionth of (3 Cephel, and east -northeast of Deneb ; R. A. 21h. 26m. 2H. ; Deo. N. 4r 
48' 8*. 



Tblwoopic Objbcts.— Alpha? Beta? Delta t Zeta? Lambda? Mn? What Ml(y 
brated binary star? Remarks respecting? Period? Point out on the map. Whtl 
other double star ? Quadruple ? What clusters ? Nebula ? 
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IS. A tKKT 8niout.Ait KmxjLA OR the tip of the nortbern wing, about 5X* north • 
S% R. A. 19h. 40m. 85s. ,^ Dec. N. 50*07' G*. 8ern to be neboloiu «tly with good inetrtt- 
meoto. Several telescopic start in the field. The Hertebels consider«d this a« a eoo 
ntcting link betireea planetary nebula and nebolooa start. 



CAPRICORNUS (TOB goat).- MAP V. 

229. This is the tenth sign, and eleventh constellation, in the 
order of the Zodiac, and is situated sooth of the Dolphin, and 
next east of Sagittarius. Its mean declination is 20° sonth, and 
its mean right ascension 310°. It is therefore on the meridian 
about the 18th of September. It is to be observed that the 
first point of the sign Capricorn, not the constellation, marks the 
southern tropic, or winter solstice. The sun, therefore, arrives 
at this point of its orbit the 21st of December, but does not 
reach the constellation Capricorn until the 16th of January. 

The sun, having now attained its utmost declination south, after remaining a few daja 
apparently stationary, begins once more to retrace its progress northwardly, affording to 
the wintry latitudes of the north a grateful presage of returning spring. 

At the period of the winter solstice, the sun is vertical to the tropic of Capricorn, and 
the southern hemisphere enjoys the fame light and hei*t which the northern hemisphere 
enjoys on the 21st of June, when the sun is vertical to the tropic of Cancer. It is, at 
this period, mid-day at tlie south pole, and midnight at the north pole. 

230. The whole number of stars in this consttUlation is fifty- 
one ; none of which are very conspicuous. The three largest 
are only of the 3d magnitude. There is an equal number of 
the 4th. 

The ' head of Capricorn may be recognized by means of two 
stars of the 3d magnitude, situated a little more than 2° apart, 
called Giedi and Dahih, They are 28° from the Dolphin, in a 
southerly direction. 

Oiedi is the most northern star of the two, and is double. If a line be drawn from 
Lyra through Altair, nod produced about 23* farther, it will point out the head uf Oupri* 
corn. These two stars come to the meridian the 9th of September, a few minutes after 
Sad'r, in Cygnus. A few other stars of inferior note may be traced out by reference to 
the maps. 

The triffn of the Goat was called by the ancient orientalists the ** Southern gate of the 
Sun,** as Cancer was denominated the ** Northern gate.** The ten stars in the sign 
Capricorn, known to the ancients by the name of the " Tower of Gad,*' are probably now 
in the constellation Aquarius. 

HISTORY. 

Capricomns Is said to be Pan, or Bacchus, who, with some other deities, were feasting 
near the banks of the Nile, when suddenly the dreadful giant Ty) hon came upon them, 
and compelled them all to assume a different shape, in order to escape his fury. Ovid 
relates, 

** How Typhon, from the conquer*d skies, pursued 
Their routed godheads to the seven-mouthM flood : 

2S9. Position of Oapricornus? When does the sun enter itt What said of his place 
and motion at that time? Of the winter solstice? 2S0. Number of stars in Capri* 
eiM-n? Their magnitudes ? How recoguiie the figure? What said of Oiedi? Ancient 
i of this sign ? 
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forced every god (hU hurj to escape). 

Some beastly form to take, or earthly 8hat:«. 

Jove (sings the bard) was changed into a ram. 

From whence the horns of Libyan An^ion came; 

BaochuB a goat ; Apollo was a crow ; 

Phoebe a cat ; the wife of Jove a cow, 

Whose hue was whiter than the falling snow; 

Mercury to a nasty ibis turned — 

While Venus from a fish protection craves. 

And once more plunges in her native waves.*' 

On this occasion it is further related that Bacchus, or Pan, led the way and plunged 
into the Nile, and that the part of his body which was under the water assumed the form 
of a fish, and the other part that of a goat ; and that to preserve the memory of this 
frolic, Jupiter made him into a constellation, in his metamorphosed shape. 

Some say that this constellation was the goat Amalthea, who supported the infan 
Jupiter with her milk. To reward her kindness, the father of the gods placed her amon^ 
the constellations, and gave one of her horns to the nymphs who had taken care of him 
in bis infantile years. This gift was ever after called the horn ofjUerUy; as it possessed 
the virtue of imparting to the holder whatever she desired. On this account the Latin 
term Cornucopia^ denotes plenty, or abundance of good things. The word Amalthea, 
when used figuratively, has also the same meaning. 

The real sense of tnis fable, divested of poetical embellishment, appears to be this | 
that in Orete, some say in Libya, there was a small territory shaped very much like r>. 
bullock's horn, and exceedingly fertile, which the king presented to his daughter Amai- 
•;hea, whom the poets feigned to have been Jupiter's nurse. 

^* The bounteous Pan,*' as he is styled by Milton, was the god of rural scenery, shq^ 
herds, and huntsmen. Virgil thus addresses him : — 

*• And thou, the shepherd's tutelary god. 
Leave, for a while, Pan I thy loved abode." 

The name of Pan is derived from a Greek word signifying all things; and he was ofte& 
ronsidered as the great principle of vegetable and animal life.' He resided chiefly in 
Arcadia, in woods and the most rugged mountains. As Pan usually terrified the inbabi* 
ants of the adjacent country, even when he was nowhere to be seen, that kind of fear 
which often seisos men, and which is only ideal or imaginary, has received ft*om him the 
name of Panic. 

Pales, the female deity corresponding to Pan, was the goddess of sheepfolds and of 
r«astures among the Romans. Thus Virgil :— 

•* Now, sacred Pales, In a lofty strain 
1 sing the rural honors of thy reigu ' 

The shepherds offered to this goddess milk and honey, to gain her protection over their 
locks. She is represented as an old woman, and was worshiped with great solemnity 
at Rome. Her festivals, which were called Pulilia^ were celeLrated on the SOth of April, 
rhe day on which Romulus laid the foundations of the city. 

TELESCOPIC OBJECTS. 

1. a Capricorni— A quintuple star in the right horn i R. A. 20h. 09m. 10» ; Dec 8. 18" 
02' 1'. A 8, pale yellow ; B (or a 1) 4, yellow ; C 16, blue ; D 9, ash-colored ; E 9}$, lilao 
tmge. Few telescopes will reveal all these components. 

2. Capricorni— A wide pair op stars in the right horn, m* south-half-east of a\ 
R. A. 20h. 12m. Ols. ; Dec. S. 15* 16' 9". A 8)<, orange yellow; B T, sky blue. Other 
imall stars in the field. It requires, a powerful instrument, and the most favorable cir* 
oomstances to detect the minute star 5. (See Map VIII., Fig. 20.) 

8. A GLOBULAR CLUSTER between Aquarius and the neck of Capricorn, 9* due east of 
a Capricorni, about }>i' from a 6th magnitude star; R. A. 20h. 44m. 893. ; Dec. 8. 18* Or 
%'. Many stars in the field, two of which are close to the cluster, or the east. Map DC, 
Fig. 63. 

HsTORT.— Who was Capricornus f What proof cited f What farther f What etber 
Aiyth? Meaning of this fable? What said of Pales? 

Trlbsoopio Objbcts.— Alpha? Beta? Point out on the map? What elusten? When 
ibtf wn on the map ? 
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4. A fine PAL* warrie CLUtrsft, aDom W weat-northwert of Funialli tut ; B. A. ir, 
^m Ife. ; J>ec S. 28* 52' 4'* A bright object, with strairflinf stream* ol ttara, aod but 
/bv outliers in the flekL Seen with amaU instromeota. Map IX., Pig. M. 



CHAPTER XII. 

CONSTELLATION? ON THE MERIDIAN IN OCTOBCK. 
PEGASUS (THE PLYING horse).--MAP II. 

231. This constellation is represented in an inverted posture, 
with wings. It occupies a large space in the heavens, between 
the Swan, the Dolphin and the Eagle, on the west, and the Nor- 
thern Fish and Andromeda, on the east. Its mean right ascen- 
sion is 340*^, or it is situated 20° W. of the priine meridian. It 
extends from the equinoctial N. 35°. Its mean length E. and 
W. is aboat 40°, and it is six weeks in passing our meridian, 
viz., from the 1st of October to the 10th of November. 

232. We see but a part of Pegasus, the rest of the animal 
being, as the poets imagined, hid in the clouds. It is readily 
distinguished from all other constellations by means of four 
remarkable stars, about 15° apart, forming the figure of a square 
called the Square of Pegasus, 

The two western stars in this square come to the meridian about the 28d of October, 
and are 18* apart. The northern one, which is the brightest of three triangular stars 
in the martingale, is of the 2d magnitude, and is called Scheai. Its declination Is 26^*. 
Marka\ also, of the 2d magnitude, situated in the head of the wing, is 18* 8. of Scbeat, 
and passes the meridian 11 minutes after it. 

The two stars which form the eastern side of the square, come to the meridian about 
an hour after those in the western. The northern one has already been described as 
AlpheraU in the head of Andromeda, but it also belongs to this constellation, and is 14* 
^ Scheat 14* 8. of Alpherats, is Algenib^ the last star in the wing,situated 16H* E. of 
Markab. 

233. Algenib in Pegasus^ Alpheratz in Andromeda, and Caph 
in Cassiopeia are situated on the prime meridian, and point out 
its direction through the pole. For this reason they are some- 
times called the three guides. They form an arc of that great 
circle in the heavens from which the distances of all the heavenly 
bodies are measured. 

881. What constellationB In this chapter? Describe Pegasus, Its site, position, Ao. 
888. Do we see the whole of the figure f How Is it distinguished ? What said of Scheat 
ft&dMarkab? Of Alpheratz and Algenib? 283. Remark respecting Algenib, Alphe- 
^tx and Caph? What sometimes called, and why? They form what? Remarks 
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It If an arc of the equinoctial »lHre which puMes thronirii the rernal equinox, and 
irhich the son cmeaea about the 2lit of Mnrch. It la, in astronomy, what the mcrKUaa 
of Ortrnwich in In geography. If the sun, or a planet, or a star, be said to hare so moujr 
degrees of right ascension, it mean* that the sun or planet has aitc^tuted so many degieet 
from this prime merulUn. 

ifVi^A sometimes called KniTt Is a star of the 8d magnitude in the nose of Pe^sus, 
About 2U* W. 8. W. of Markab, and half-way between it and the Polphin. About half of 
tlie disUnce n-om Markah toward Enif. but a little to the S., there is a star of the 8d mac- 
Qitude situated In the neck, whose Utter name Is ZeUi. The loose cluster directly S. ut 
the line joining Enif and Zeta, forms the head of Pegnsus. 

In this constellation there are eighty-nine stars visible to the naked eye, of which tLrM 
are of the second magnitude and three of the tiiird. 

HISTORY. 

This, according to fttble, is the celebrated horse which sprung from the Mood of Meclosa« 
after Perseus had cut olT her head. Ue received his name according to Uesiod, from his 
being bom near the sources (irnyrjy Pege) of the ocean. According to Ovid, he fixed bis 
residence on Mount Helicon, where, by striking the earth with his f<>ot, he rais«^ the 
fabled fotuitain called Hippocrene. He became the favorite of the Mu^es; and being 
tamed by Neptune or Minerva, he was given to Bellerophon, son of Olaucus, kiug of 
Ephyre, to aid him in conquering the Chimsra, a hideous monster that continually Tom> 
ited flames. This monster had three beads, that of a lion, a goat, and a dragon The 
fore parts of its body were those of a lion, the middle those of a goat, and the fain ler 
tliose of the dragon. It lived in Lycia, of which the top, on account.of its desolate w1l> 
derness, was the resort of lions, the middle, which was fruitful, was covered with goats, 
and at the bottom, the marshy ground abounded with serpents. Bellerophon was the 
Arst who made his habitation upon it. 

Plutarch thinks the Chinuera was the captain of some pirate who adorned their ship 
with the images of a lion, a goat, and a dragon. 

After the destruction of this monster, Bellerophon attempted to fly up to heaven upon 
Pegasus ; but Jupiter was so displeased at this presumption, that he sent an insect to 
iting the horse, which occasioned the melancholy fall of his rider. Bellerophon fell to 
the earth, and Pegasus continued his flight up to heaven, and was placed by Jupiter 
among the constellations. 

•* Now heaven his further wand'ring flight confines. 
Where, splendid with his num'rous stars, he shines.** 

TELESCOPIC OBJECTS. 

1. a Pboasi {Markab) — A star with a distant companion, at the junction of the wing 
and shoulder, 18" south of Scheat ; R. A. 22h. Mm. 478. ; Dec. N. 14* 2u' 08*. A 2, whitej 
B 11, pale grey. 

2. p Pboasi (^Scheaf) — A bright star with a minute distant companion, on the left fbr» 
leg ; R. A. 22ii. 56m. 01s. ; Dec. N. 27* 18' 0'. A 2, deep yeUow ; B 15, blue ; with two 
other stars in the field. 

8. y Pegasi {Alffetiib) — A star with a distant companion, on the edge of the wing; 
R. A. Oh. 05m. Os. ; Dec. N. 14* 17' 07*. A 2H> yellow ; B 18, pale blue. 

4. c Pbqasi (Enif) — A star with two distant companions, in the nose of the figure; 
R. A. 21h. 86m. 198.; Dec. N. 9* OS 07'. A iH, yellow; B 14, blue; C 9, violet; and a 
9th magnitude star of a vioUt tinge, at a distance east. 

5. C Pkuasi — A star with a minute companion in the middle of the neck; R. A. 22h. ^ni* 
298.; Dec. N. 9* 59' 9'. A Une from Alpherats over Mrrkab, and carried 7* farther, will 
reach ^. A 8, light yellow ; B 18, dusky ; with other stars in the field. 

6. A oouBLB 8TAK between the head of Pegasus and the hind legs of the Fox ; or «t>onl 
lOJi* south by east of C Cygni ; R. A. 21h. 14m. 41s. ; Deo. N. 19* 07' 4'. A 4, pale orange, 
and considered variable ; B 9, purplbh. 

respecting the prime meridian ? What Shid of Enif ? Of Zeta f Of theA«d<iof P«fasus 
Nuntber of stars in the constellation, and their magnitudes f 

HiSTOBT.— Story of his origin and name f Residence, Ac. ? How he came among the 
stars? 

Trl»<mx>pic Objects.— Alpha ? Beta? Gamma? EpsUo'it Zeta? What doable star/ 
What cluster ? Point out on tlie map. What nebula? 
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« 

r. A aiOBULAM CLoetMB, between Uie mouths of PegaaoB and Sqfileot, about 4* north- 
vest of e ; R. A. 21h. 220^. 18s. ; Dec. N. 11* 27' 4*. Map IX., Fig. f5. It Is laid dowo a0 
it nebola on Map II., but with a good instrument it is resolved into start, with straggUng 
outliers, as shown in the diagram. 

». An KL02IGATBD HBBULA In the anlmars mane, about S* due south of Martcab ; R. A. 
S2h. Mm. 58s. ; Dec. N. 11* 27' 9*. A rery faint and ilAcult ofeject. 



EQULEUS, YEL EQUI SECTIO (the little iiob8e, or tm 
HOBSS^s head). — MAP II. 

234. This Asterism, or small cluster of stars, is sitnated al>out 
1° W. of Enif, in tte bead of Pegasus, and about half-way 
between it and the Dolphin. It is on the meridian at 8 o'clock, 
on the 11th of October. It contains ten stars, of which tbe 
fonr principal are only of the 4th magnitude. These may be 
readily distinguished by means of the long irregular square 
whicli they form. The two in the nose are much nearer together 
than the two in the eyes : the former being 1° apart, and the 
latter 2^°. Those in the nose are uppermost, being 4° N. of 
those in the eyes. This figure also is in an inverted position. 
These four stars are situated 10° or 12° S. E. of the diamond 
iu the Dolphin's head. Both of these clusters are noticeable on 
account of their figure rather than their brilliancy. 

HISTORY. 

This constellaiion Is snpposed to be the brother of Pegasus, named CelerU^ gi^en by Mer- 
eurj to Castor, who was so celebrated for his slcill in the management of horses ; othe'<H 
talce him to be the celebrated horse which Neptune struck out of the earth with his tri- 
dent, when he disputed with Minerva for superiority. The bead only of Celeris is 
▼isible, and this, also, is represented in an inverted posiUon. 

TELESCOPIC OBJECTS. 

Hwxr of the principal stars in this little group are double — namely, /?, ^, e and X. fi 
is rather a star with a companion ; R. A. 21h. 14m. 578. ; Dec. N. 6* 07' 9', The oth«r 
three will easily be found from their proximity to 3. 



AQUARIUS (the water-bearer).— -MAP 11. 

235. This constellation is represented by the fijrure of a 
Oidn pouring out water from an urn. It is situated in the Zodiac, 
immediately S. of tbe equinoctial, and bounded by the Littk 

%4. Situation of Equleus ? When on the meridian ? Number of stars, and hov dS*' 
UDguishedr What further description ? 
HiSTQBT. — What suppositions respecting the origin of EqfUeusf 
Tsuucopic OiuBCTdi.— What douWe star»? How found? 
'WB. Uo«r is Aquarius represented? Its boundaries f 
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Hcrse, Pegasus, and the Western Fish on the N., the Whalo nzi 
the E., the Southern Fish on the S. and the Goat on the W. 

236. Aquarius is now the 12th in order, or last of the 
Zodiacal constellations ; and is the name of the 11th sign in the 
ecliptic. Its mean declination is 14° S., and its mean right 
ascension 335°, or 22 hours, 20 min. ; it being 1 hour and 40 
rain. W. of the equinoctial colure ; its center is, therefore, on 
the meridian the 16th of October. 

It contains one hundred and eight stars ; of which the four 
largest are all of the 3d magnitude. 

** His b«adf hit ihouIderSf and his lucid breast, 
Olisten with stars ; and where his urn inclines. 
Rivers of light brighten the watery track.'* 

23T. The northeastern limit of Aquarius may be readily dis- 
tinguished by means of four stars of the 4th magnitude, in the 
hand and handle of the urn, so placed as to form the letter Y, 
very plainly to be seen, 15° S. E. of Enif, or 18° S. S. W. of 
Markab, in Pegasus ; making with the two latter nearly a right 
angle. 

About 4I<* W. of the figure is M Melihj a star of the 8d magnitude, In the B. shoulder, 
and the principal one in this constellation. lU* S. W. of EI Melik, is another star of the 
same magnitude, situated in the W. shoulder, called Sad ea 8aud, 

Ancha^ of the 4th magnitude, is in the right side, 8* S. of El Melik. 9* E. of Ancha, is 
another star of the 4th magnitude, whose letter name is Lambda. 

iScheaU of the Sd magnitude, ^ring below the knee, is situated 8)i* S. of Lambda; and 
14' S. of Scbeat, the brilliant star Fomalhaut, of between the 1st and 2d magnitudes, ter> 
minates the cascade in the mouth of the Southern Fish. This star is common to both 
these constellations, and is one of those from which the lunar distance is computed for 
iscertaining the longitude at sea. It culminates at 9 o'clock on the 22d of October. 

Fomalhaut, Deneh Kaitos, and Alpha in the head of the Phcenix, make a large triangle, 
whose vertex is in Deneb Kaitos. Those two stars of the fourth maguitude, situated 4' 
8. uf Sad es Saud, and nearly the same distance from Ancha, are in the tail of Capricorn. 
They are about 2" apart. The western one is called Deneb Algedi, 

The rest of the stars in the cascade are quite small; they may be traced from the 
letter Y, in the urn, in a southeasterly direction toward the tail of Cetus, from which the 
cascade suddenly bends off near Scheat, in an opposite course, and finally disappears in 
the mouth of the Southern Fish, 80* S. of Y. 

HISTORY. 

This constellation is the famous Ganymede, a beautiful youth of Phrygla, son of Tros, 
king of Troy, or, according to Lucian, son of Dardanus. He was taken up to heaven by 
Jupiter as he was tending Ms father's flocks on Mount Ida, and became the cup-bearer 
of the gods in place of Hebe. There are various opinions, however, among the anclenU 
respecting its origin. Some suppose it represents Deucalion, who was placed among the 
■tars after the celebrated deluge of Thessaly, 1500 years before the birth of our Saviour; 
while others think It designed to commemorate Cecrops, who came from Egypt to Greece, 
f->unded Athens, established science, and introvluced the arts of polished life. 

The ancient Egyptians supposed the setting or disappearance of Aquarius caused the 
Nile to rise, by the sinking of his urn in the water. In the Zodiac of the Hebrews, 
Aquarius represents the tribe of Reuben. 

tf order in the signs and constellations? Number and size of its start f S87. How 
distinguish the northeast limit? What said of £1 Melik? Of Sad es Saud? Of Anob.n, 
Lambda, Scheat, Ac. 

History. — Story of Ganj mede, and Jupiter ? What other mythf Idea of the Igjp 
U%\x\6 f Hebrew Zodiac ? 
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TELESCOPIG OBJECTS. 

1. C A\fiiAMU IPkardy—k star with a minute companion on the Wat«i -bearer*! I*fl 
dhoQlder; U A. 2lh. 57m. 88s.; Dec. S. 1* 06' U7'. A 8, pale yellow; B 18, grey; and 
Another star in the field on a line with A and B. Markab is on a Ube JolnlDg Alphrrata 
an4 Pbard, and about half way between them. 

2. Aquamo (Sad-al-meWcy—k star with a companion on the right shoulder; R. A. 
Slh. 28m. 07s. ; Dec. N. 6* 16' 04*. A 8, pale yeUow ; B Id, blue. A very delicate ot^ect. 

8. y AQUAJtn — A delicate but wide dodblb star, on the water-pot ; R. A. 22h. Hm. 
K38. ; Dec. S. 2* 11' 05*. A 4, greenish tinge ; B 14, purple. It is about 4* east-by-s^uth 
from Sad-al-melik. 

4. C AQUARii— A BHTART STAB in the left wrist, about 6* east from Sadalmellk ; R. A. 
22h. 20m. 85s. ; Dec. S. 0* 50' 02*. A 4, very while ; B 4X, white. 

•\ r' Aquaru — A fine doubub stab in the left leg, one third of the way from Foroalhaut 
to ^Pegasi ; R. A. 22h. d9m. ISs. ; Dec. 8. 14* 58' 09*. A 6, white ; B 9H, pale garnet. 

6. tlf' Aqcarii — A DOUBLX STAR in the stream, being the first of three similar stars 
marked ^i, ^4, ,^3 ; R. A. 28h. 07m. SOs. ; Dec. S. 9* 57' 05*. A 5H. orange tint ; B 9, sky 
blue. It ib about one-third of the way ft*om Fomaihaut to a Andromedss. Sevei al other 
beautiful double stars east of Scheat, in the stream, as shown on the map. 

T. A Fimc GLOBULAB CLITSTSR near the neck of Aquarius, about 5* north-half-east from 
6\ R. A. 21h. 28m. 078.; Dec. S. 6* 16' 04'. A cluster of exceedingly small stars, which 
has been likened to ** a heap of fine sand.'* Sereral telescop<c outlier* in the field. Map 
'Jni., Pig. 66. 

8. A PLANET ABT MBBULA In the middle of the scarf; R. A. 20li. 55m. 27s. ; Dec. S. 11 * 
B' 08*. About 12* east of a Capricorni, where a line from the Eagle's tali over 6 Anil* 
loi, and as far again, reaches it. It is bright to its very disc, and but for its pale b'ufl 
int, would be a very miniature of Venus. 



PISCES AUSTRALIS (the southern fish).— MAP H. 

238. This constellation is directly S. of Aquarius, and is 
represented as a fish drinking the water which Aquarius pours 
from his urn. Its mean declination is 31° S. and its mean right 
ascension and time of passing the meridian are the same as those 
of Aquarius, and it is seen on the meridian at the same time, 
Yiz. on the 15th of October. It contains 24 visible stars, of 
which one is of the 1st magnitude, or between the 1st and 2d, two 
are of the 3d, and five of the 4th. The first and most beautiful 
of all is Fomaihaut f situated in the mouth. This is 14° directly 
S. of Scheat in Aquarius, and may be seen passing the meridian 
low down in the southern hemisphere, on the 22d and 23d of 
October. Its position in the heavens has been determined with 
the greatest possible accuracy, to enable navigators to find their 
longitude at sea. 

The mode of dohig this cannot be explained here. The proolen is one of some difficulty. 
It consists in finding the angular distance between some star whose position is well known, 

Tklsscopic Objects. — AlphaT Beta? Gamma? Zeta? Tai:? Psi? What cksten, 
and where shown on the map ? What nebula? 

288. Situation of Pisces Australis ? How represented ? When on the meridian ? Num- 
t>er of stars? Magnitude? The principal star ? How situated? What use made of itf 
What Mid of the metliod of finding the longitude by the moon and stars? 
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and (he moon wtien she Is paralnf near it; also, the altitude of each, at tlie same Instant 
with food sextMuts. These daU furnish the elements of a spherical triangle, the H>lutiao 
of which, after THrious intricate corrections, is made to result in the longitude oftlie given 
plMce.^^0 note to AritUa. In ITU, the Briti^h Parliament offered a reward of 10,000 
pounds sterling, to any man who should discover a method of determining the iongftude 
within 1*, or 0<> geographical miles of the truth ; 15,000 pounds to the man who shotu J 
And it wiUiin 40 miles, and 90,000 pounds, if found within 80 miles. These rewards in part, 
have been since distributed among eminent mathemaUcians, in Europe, agreeaUy to the 
r«iipectiv« meriu of their discoveries. 

mSTOEY. 

This constellation is supposed to hare taken its name ft>om the translbrmation of Venus 
rato the shape of a fish, when she fled, terrified at the horrible advances of the mcmater 
Typhon, as we have related in the mythology of the fishes.— (>Sm Pi90e».) 

TELESCOPIC OBJECTS. 

a Pucn ADtTKAUt— A first magnitude star with a very distant companion. In the eye 
of the fif h ; R. A. »h. 48m. 4Ss. ; Dec S. SO* 88' 08*. A 1, reddish ; B »3i, dusky blue. 



LACERTA (the lizabd).— MAP II. 

239. This is a small and obscure modern constellation, between 
the tail of Oygnus and the head of Andromeda. It has one star 
of the 4th magnitude, eight of the 5th, and a few much smaller. 

240. Between Lacerta and Andromeda a singular looking 
figure appears on the map, called Gloria Frederica; or Frederics 
Glory. It was inserted among the constellations by Bode, in 
1787, as a compliment to Frederic II., of Prussia. It consists 
of a crowrif a laurel, a sword, and a pen, to represent the mon- 
arch, the hero, the sage, and the pacificator. But the constel- 
lation was not recognized by astronomers, and, as such, has 
already passed from the heavens. 

TELESCOPIC OBJECTS. 

1. A neat DotTBLi mn on the tip of the Lizard's tail ; R. A. 22h. 11m. 66b. : Dec. M. 
W 58' 01'. A 6Ji, pale white ; B 9, livid. 

8. A delicate but wide doublk star on the shoulder ; R. A. 22h. 14m 25s. ; Dec. N. 49* 
48' 09'. A 5, pale yellow ; B 13, orange tint. A line from Polaris carried by the east of 
Cepheus tiara, and 11* further, will find it the lucida of a fine galaxy field. 

8. A wiDB DODBLB STAB near the end of the tail, the southern star of three forming a 
neat triangle ; R. A. 22b. 82m. OSs. ; Dec. N. 88* 18* 2'. A 6>i, white ; B 10, violet. 

4. A DBUGATi TRIPLE STAR in the space between the Lizard's back and the left hand of 
Andromeda; R. A. 22h. 4»m. 06s.; Dec. N. 40* 45' ]'. A 8, bright white; B. 15, pate 
blue; 9H, reddish ; a fourih star at a distance. A very difficult ol^ect; claimed by 
some for Andromeda, but usually classed as belonging to the Lisard. 

HiSTOKT. — Supposed origin of this constellation f 

Tblescopic Objects.— Alpha ? Where situated ? 

289. Describe Lacerta. Where situated ? 240. What other small constellation near> 
By whom inserted, when and why? Of what does it consist? To represent what? Is It 
recognized by astronomers ? 

Tblbscx'PIC Objbcts.— What double stars In Lacerta? What triple starf Qoadruplt' 
Cluster ? Any of them shown on the map? 
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ft. A Qinu»ftui»LB 9TAR, the western one of the three forming the trUngle at the end of 
the UUl ; R. A. 22h. 29m. 46s. ; Dec. N. 83* 43' 0'. About 2U* northwest of Alpherau. A 
and B 6H, both white ; C 11, ft^,•enish ; O 10, bloe. 

6. A LABoa LoosB CLUSTKa in th > Liaard^s mouth : R. A. »Ji. 08m. 09s. ; Dee. N. 48* Oft 
I*. Stars from the 9th to the 14th magnitudes. A line carried from Polaris through IV 
tiara of Oepheus, and 8* bejond, strikes it. 



CHAPTER XIIL 



VARIABLE AND DOUBLE STARS— CLUSTERS AND 
NEBULiE. 

241. The periodical variations of brilliancy to which some of 
the fixed stars «re subject, may be reckoned among the most 
remarkable of their phenomena. Several stars, formerly distin- 
guished by their splendor, have entirely disappeared ; others are 
now conspicuous which do not seem to have been visible to the 
ancient observers ; and there are some which alternately appear 
and disappear, or, at least, of which the light undergoes great 
periodic changes. Some seem to become gradually more 
obscure, as Ddta in the Great Bear ; others, like Beta in the 
Whale, to be increasing in brilliancy. 

242. Some stars have all at once blazed forth with great splen- 
dor, and, after a gradual diminution of their light, again become 
extinct. The most remarkable instance of this kind is that of 
the star which appeared in 1572, in the time of Tycho Brahe. 
It suddenly shone forth in the constellation Cassiopeia, with a 
splendor exceeding that of stars of the first magnitude, even of 
Jupiter and of Venus, at their least distances from the earth ; 
and could be seen with the naked eye, on the meridian, in full 
dayl Its brilliancy gradually diminished from the time of its 
first appearance, and at the end of sixteen months it entirely 
disappeared, and has never been seen since. (See a more par- 
ticudar account of this phenomenon^ page S5.) 

Another instance of the same kind was observed in 1604, when a star of the first mafr- 
Bitode suddenly appeared in the right foot of Ophiuchus. It presented, like the former, 
ill the phenomena of a prodigious flame, being, at first, of a dassling white, then of a 
.-eddish yellow, and, lastly, of a leaden palenesr ; in which its light expired. These 
nstances {uroTe that the stars are subject to great physical revolutions. (Page {fi) 

243. A great number of stars have been observed whose liglii 
seems to undergo a regular periodic increase and diminution. 

341. What said of the periodical variations of the stars ? 243. What other remarka- 
Ue phenomenon ? What instancas cited ? What do these instances prove f 343. Wbaf 
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They are properly called Variable Stars. One in the IVhcUe has 
a period of 344 days ".ad is remarkable for the magjiitude of its 
variations. From oeing a star of the second magnitude, it 
becomes so dim as to be seen with difficulty through powerful 
telescopes. Some are remarkable for the shortness of the period 
uf their variation. Algol has a period of between two and three 
days ; Delta Cephei, of 6^ days ; Beta Lyra, of 6 2-5 days ; 
and Mu Antiiwi, of 7 days. 

The regular succession of these rariations precludes the suppositioa ot vn actual 
destruction of the stars; neither can the variations be supposed to arise from s change 
of distance ; for, as the stars invariably retain their apparent places, It would be neces^ 
sary to suppose that they approach to, and recede from the earth in tHrctight lime*, 
irliich is very improbable. The most probable supposition is, that the stars revolve, like 
the sun and planets, about an axis. ** Such a motion," says the elder Herschel, ** may 
be as evidently proved, as the diurnal motion of the earth. Dark spots, or large por- 
tions of the surface, less luminous than the rest, turned alternately in certain directions, 
either toward or from us, will account for all the phenomena of periodical changes in the 
uster of the stars, so satisfactorily, that we certainly need not look for any other cause.*' 

DOUBLE STARS. 

244. On examining the stars with telescopes of considerable 
power, many of them are found to be composed of two or more 
stars, placed contiguous to each other, or of which the distance 
subtends a very minute angle. This appearance is, probably, in 
many cases, owing solely to the optical effect of their position 
relative to the spectator ; for it is evident that two stars will 
appear contiguous if they are placed nearly in the same line of 
vision, although their real distance may be immeasurably freest 

STARS OPTICALLY DOUBLE. 

Apparent position. True position . 

j...,.::::::....-;v::::::-;::::::z:::t ^ 

B 
Here the obienrer on the left sees a large and small star at A, apparenUy near tog^ 
tber— -the lowest star being much the smallest. But instead of their being situated as 
mey appear to be, with respect to each otheV, the true position of the smaller star may 
be at B instead of A ; and the difference in their apparent magnitudes may be wholly 
owing to the greater distance of the lower star. 

Upon this subject Dr. Uerschel remarks, that this nearness of the stars to each other, 
In certain cases, might be attributed to some accidental cause, did it occur only in a few 
instances ; but the frequency of this companionship, the extreme closeness, and, in 
many cases, the near equality of the stars so coigoined, would alone lead to a strobg 
suspicion of a more near and intimate relation than mere casual Juxtaposition. 

245. There are, however, many instances in which the angle 
of position of the two stars varies in such a manner as to indi- 

arc these unsteady stars called ? What specimens referred to, and their periods ? What 
does this regular succession, 4c., prove? What theory did Dr. Herschel adopt respect* 
mg the variable stars ? 244. What said of double stars ? Are they always really neat 
^acL other? niustrate on blackboard. Remark of Dr. Herschel? §45. Are tiw$ 
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cate a rerolatioii about each other and about a common urUtr, 
In this caie thej are said to form a Binary system performing to 
^ach other the oflfice of sun and planet, and are connected 
together by laws of gravitatiou like those which prevail in tho 
«oIar system. 

The recent obscrratlons of Sir John Uerschel and Sir James Sooth, have eAablitl.eU th^ 
^th of this singular fact beyond a doubt. MoUons hare been detected, so rapid us to 
afoome measurable within rery short periods of time; and at cerUin epochs, the satellite 
or feebler star has been observed to disappear, either passing behind or before the primary, 
or approaching so near to it that its Ugbt has been absorbed by that of the otiier. 

246. The most remarkable instance of a regular revolution of 
this sort, is that of Mizar, in the tail of the Great Bear ; in 
which the angular motion is 6 degrees and 24 minutes of a great 
circle, annually ; so that the two stars complete a revolution 
about one another in the space of 58^ years. About eleven 
twelfths of a complete circuit have been already described since 
its discovery in 1781, the same year in which the planet Ilerschel 
was discovered. 

A double star in Ophiuchus presents a similar phenomenon, and 
the satellite has a motion in its orbit still more rapid. Castor 
in the Twins, Gamfna Virginisy Zeta in the Crab, Zi Boolis, 
Delia Serperiiisy and that remarkable double star 61 Cygni, 
together with several others, amounting to 40 in number, exhi- 
bit the same evidence of a revolution about each other and about 
a common center. (For a more particular description of these 
stars, see Telescopic Objects and the Map.) 

Bttt it is to be remembered that these are not the revolution!^ of Moll is vf a planetary 
nature around a solar center, but of sun around sun— each, perhiq^^.-aaMinpanied by its 
train of planets, and t/ie-ir satellites, clo^icly shrouded fvom oar v1<^*ljy the splendor of 
their respective suns, and crowded into a space beurin)? hardly a greater proportion to 
the enormous interval which separates t/t^n, than the distanceH of the satellites of our 
planets from their primaries bear to their distances from the sun itself. 

247. The examination of double stars was first undertaken by 
the late Sir William Herschel, with a view to the question of 
parallax. His attention was, however, soon arrested by the 
new and unexpected phenomena which these bodies presented. 

Sir William observed of them, In all, 2400. Sir James South and Herschel have given 9 
catalogue of 8S0 in the Transactions of the Royal Society for 1S24, and South added 45b 
in 1826. Sir Johi\ Herschel, in addition to the above, published an account of 10<^, before 
he left England lor the Cape of Good Hope, where he went to push his discovenes in the 
souttiern hemisphere. Professor Struve, with the great Dorpat telescope, haa given 4 
eatslc^e of 8,068 of the most remarkable of these stars. 

Tlie otiject of these catalogues is not merely to fix the place of the star within such limits 
CM will enable us easily to dis/^over it at any future time, but also to record a description 



•ver really near each other? What motion? What do these constitute? Is it certain 
Uiat starb are ever thus in motion around a common center? 246. What remarkable 
jiitance cited? Its annual angular motion? Period? What other binary systems? 
Are these planetary systems like our own ? 24T. Who first undertook the examination 
Jj*'»« dowbl© stars, and with what view ? What number did he obf »rve ? Wha*, cativ- 
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of the i^pearanee, pos.Uoa, and mutaal distances of the IndtTidaal stars componnff ttn 
systeoif in order that subsequent observers nugr hare tke means of detecting their con- 
nected motions, or any changes which they may exhibit Professor Struv j has also talceo 
notice of 53 triple stars, among which No. 11 of the Unioam^ Zeta of Oancer, and Zi of 
the BUance, appear to be Umnry wytAenu in motion. Quadruple and quintuple stlun 
have lilcewise been observed, which also appear to revolve about a common center of 
gravity ; In short, every region of the heavens furnishes examples of tLese curious phe- 
DomeLa. 

COLOR OF THE STARS. 

248. Many of the double stars exhibit the carious and beau- 
tiful phenomenon of contrasted colors^ or complimentary tints. In 
such instances, the larger star is usually of a ruddy or orange 
hue, while the smaller one appears blue or green, probably in 
virtue of that general law of optics, which provides that when 
the retina is under the influence of excitement by any bright 
colored light, feebler lights, which, seen alone, would produce no 
sensation but that of whiteness, shall for the time appear 
colored with the tint complimentary to that of the brighter. 

Thus, a yellow color predominating in the light of the brighter star, that of the less 
brigh: one, in the same field of view, will appear blue; while, if the tint of the bri^ter 
star verge to crimson, that of the other will exhibit a tendency to green— or even appear 
a vivid green. Tiie former contrast Is beautifully exhibited by Iota, in Cancer ; the latter 
by Almaacky in Andromeda — both fine double stars. If, however, the colored star be 
much the less bright of the two, it will not materially aflSect the other. Thus, for instance, 
Eta Cassiopei» exhibits the beautiful combination of a large white star, and a small one 
of a rich ruddy purple. 

249. It is not easy to conceive what variety of illuminatiou 
two suns — a red and a green, or a yellow and a blue one — ^must 
afford to a planet revolving about either ; and what charming 
contrasts and grateful vicissitudes — a red and a green day, for 
instance, alternating with a white one and with darkness — ^might 
ariso from the presence or absence of one or the other, or both, 
above the horizon. 

Insulated stars of a red color, almost as deep as that of blood, occur in many parts of 
the heavens, but no green or blue star (of any decided hue) has, we believe, ever b<ei 
noticed, unassociated with a companion brighter than itself. 



CLUSTERS OF STARS. 

250. When we cast our eyes over the concave surface of the 
heavens in a clear night, we do not fail to observe that there are, 
hero and there, groups of stars which seem to be comjjressod 
together more densely than those in the neighboring parts; 
forming bright patches or clusters. 

/>guest Their object? What triple stars? Ternary systems ? Quadruple stars, Ar * 
WS. What said of the colors of the stars ? What law of optics referred to? Wliat illu*- 
•rations ? 24^. What remarks respecting red and green suns, Ac. ? Of insulated tiui 
%i a red color t 25(\ Wi^at said of clusters ^ What specimen referred to t Pleisdsi' 
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The Plaades are ad instance of this kind, in which six or 
^ven stars may be seen in near proximity, by the naked eye , 
and even more if the eye be tnrned carelessly npon it; for it is a 
remarkable fact that the center of the eye is far less sensible to 
feeble impressions of light, than the exterior portion of the retina. 
Rheita affimis that by the aid of a telescc^ he coonted orer 200 
stars in this small cluster, See Map VIII., Fig. 28. 

In the constellation caWiddComa Berenices there is another group 
more diffused, and consisting of much larger stars. In Cancer 
there is a nebaloos cluster of very minute stars, called Prasepe^ 
or the Beehiye, which is sufficiently luminous to be seen by the 
naked eye, in the absence of the moon, and which any ordinary 
spyglass will resolve into separate stars. In the sword-handle 
of Perseus, also, is another such spot, crowded with stars. It 
requires, however, rather a better telescope to resolve it into 
individual stars. See p. 66, and Map VIII., Fig. 89. 

Whatever be the iiatore of thete clusten. It If certain that other Imwi of agfregatloQ 
preTail in them, than thoce which have determined the scattering of stars over the fene- 
ral iorface of the sky. Many of them, indeed, are of an exactly round figure, and con- 
▼ej the idea of a globular space filled Aill of stars, and oonstituting, in itself, a family or 
iociety apart, and subj^t only to its ovn internal laws. 

' It would be a vain task,'* says the younger Uerschel, ** to attempt to coont the stars 
io one of these globular clusters. They are not to be reckoned by hundred? ; for it would 
appear that many clu8!:er8 of this description must contain, at least, ten or twenty thon- 
rnnd stars, compacted and wedged together in a roszid space, not more than a tenth part 
M W «« as that which is covered by the moon. 



NEBULiE. 

251. The Nehda, so called from their dim, cloudy appearance, 
form another class of objects which furnish matter for curious 
speculation and conjecture respecting the formation and struc- 
ture of the sidereal heavens. When examined with a telescope 
of moderate powers, the greater part of the nebulae are dis- 
tinctly perceived to be composed of little stars, imperceptible to 
the naked eye, btniause, on account of their apparent proximity, 
the rays of light proceeding from each are blended together, in 
such a manner as to produce only a confused luminous appear- 
ance. 

To other nebulas, however, no Individual stars can be perceived, even through the best 
imew^opes; and the nebnlsB exhibit only the appearance of a self-luminous phosphores- 
cent patch of gaseous vapor, though it is possible that even in this case, the appearance 
m!!!r i ^^'"K ^ <^ congeries of stars so minute, or so distant, as not to affMrd, singly, 
wmtient light to make an impression on the eye. 

!L^°^supon their nature and the laws that govern them? Remarks of Herscheir 
r^' "^&t are nebula^ and why so called ? How appear tbrough telescopes f Are Uiejf 
^»««>lvable into stars? ki- -•- -# 
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252. One of the most remarkable nebulae is in the sword- 
handle of Orion. It is formed of little flocky masses, like wispa 
of cloud, which seem to adhere to many* small stars at its out- 
skirts. It is not Tery unlike the mottling of the sun's disc, but 
of a coarser grain, and with darker intervals. These wisps'of 
light, however, present no appearance of being composed of 
small stars ; but in the intervals between them, we fancy that 
we see stars, or that, could we strain 6nr sight a little more, we 
should see them. These intervals may be compared to openings 
in the firmament, through which, as through a window, we seem 
to get a glimpse of other heavens, and brighter regions, beyond. 
See page 45, and Map VIII., Fig. 32. 

253. Another very remarkable nebula is that in the girdle of 
Andromeda, which, on account of its being visible to the naked 
eye, has been known since the earliest ages of astronomy. It is 
often mistaken for a comet, by those unacquainted with the 
heavens. See page 20, and Map VIII., Fig. 22. 

Marias, who noticed it in 1612, describes its appearance as that of a candle shininf 
through horn ; and the resemblance is certainly very striking. Its form is a long oral, 
increasing, by insensible gradations of brightness, from the circumference to a central 
point, which, though very much brighter than the rest, is not a star, but only a nebula in 
a high state of condensation. It occupies an area comparatively large — equal to that 
of the moon in quadrature. This nebula may be considered as a type, on a large scaale, 
of a very numerous class of nebulse, of a round or oval figure, increasing more or l«s» iQ 
density toward the center. 

254. Annular nebula are those in the form of a ring^ but are 
among the rarest objects in the heavens. The most conspicuous 
of this class is to be found exactly half-way between the stars 
Beia and Gamma Lyrse, and may be seen with a telescope of 
moderate power. It is small, and particularly well defined , 
appearing like a flat oval ring. The central opening is not 
entirely dark, but is filled with a faint, hazy light, uniformly 
spread over it, like a fine gauze stretched over a hoop. 

255. Planetary nebula are very extraordinary objects. They 
have, as their name imports, the appearance of planets, with 
round or slightly oval discs, somewhat mottled, but approachmg, 
in some instances, to the vividness of actual planets. Some of 
them, upon the supposition that they are equally distant from us 
with the stars, must be of enormous magnitude. That one, for 
instance, which is situated in the left hand of Aquarius, must 



S52. What remarkable nebula mentioned? Describe it? Point oat od the map. 
853. What other? How long known, and why? Show on the map. How described by 
Marius? Its form and extent? How considered ? 254. What are^n«Mitor j^^&tftol 
ivre they common? What specimen referred to? 250. Planetary nebulas? Th*»ir 
.*iharacter and magnitude ? Specimen ? Stellar nebal» ? General remarks respcctiun 
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bare a volame vast enough, npon the lowest computation, to fill 
the whole orbit of Herschei I 

In some instances a nebula presents the appearance of a faint, 
lominous atmosphere, of a circular form, and of large extent, 
fiurroanding a central star of considerable brilliancj. These are 
denominated Stellar Nebula. 

The nebnln furnish an inexhaustible field of specuUtlon and conjecture. That bjr far 
the larger number of them cunsista of stars, there can be little doubt ; and in the iater> 
minable range of system upon system, and firmament upon firmament, which we thus 
catch a glimpse of, the imagination is bewildered and lost. Sir William Herschel cod* 
jeclured that the nebulte might form the material out of which nature elaborated new 
suns and sjstems, or replenished the wasted light of older ones. But the little we know 
of the physical constitution of these sidereal masses, is altogether insufflcient to warrant 
such a conclusion. C^or a Spiral Nebula recently discovered by Lord Roaae, aee Map L\. 



CHAPTER XIV. 

VIA LACTEA (the milkt-wat). 

** Throughout the Ga1azy*s extended line, 
Unnumber'd orbs in gay confusion shine : 
Where every star that gilds the gloom of night 
With the faint tremblings of a distant Ught, 
Perhaps illumes some system of its own. 
With the strong influence of a radiant sua." — JTrw. Carter, 

256. The Via Lagtea, or Milky-Way, is that luminons zone 
or pathway of singular whiteness, varying from 4° to 20° in 
width, which passes quite around the heavens. The Greeks 
called it Galaxy, on account of its color and appearance : the 
Latins, for the same reason, called it Via Lactea, which, in our 
tongue, is Milky- Way. 

Of all the objects which tho heavens exhibit to our view, this fills the mind with the 
most indescribable grandeur and amazement When we consider what unnumbered 
milliona of mighty suns compose this stupendous girdle, whose distance is so vast that 
the strongest telescope can hardly separate their mingled twilight into distinct specks, 
and that the most contiguous of any two of them may be as far asunder as our sun is 
from them, we fall as far short of adequate language to express our ideas of such immen- 
ui^, as we do of instruments to measure its boundaries. 

257. It is one of the achievements of astronomy that has 
resolved the Milky-Way into an infinite number of small stars, 
whose confused and feeble luster occasions that peculiar white- 
ness whicli we see in a clear evening, when the moon is absent. 
It is also a recent and well-accredited doctrine of astronomy, 

the Nebulsef Sir Wm. Herschel's conjecture? 256. What Is the Via Lactea? Its 
Greek name? What said o/ its magnificence and grandeur? S57. What said of the 
achievements of astronomy V Its doctrine respecting the structure of the ooiverui' 
or the sun, and its relatSoo fo the fixed stars? 
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that all the stars in the nniverse are arranged into clusters, oi 
gronps, which are called NEBULiS or Starry Systems, each of 
which consists of myriads of stars. 

The Axed star which we c»n our Sm, belongs, tt is said, to that extensive nebula, lh« 
IlillcjWay; and although ap|»arently at such an inmeasurable distance from its felicwt 
it, doubtless, as aear to any one uf them, as they are to one another. 

258. Of the number and economy of the stars which compose 
this group, we have very little exact knowledge. Dr. Herschel 
informs us that, with his best glasses, he saw and counted 588 
stars in a single spot, without moving his telescope ; and as the 
gradual motion of the earth carried these out of view and intro- 
duced others successively in their places, while he kept his tele 
scope steadily fixed to one point, " there passed over his field 
of vision, in the space of one quarter of an hour, no lest than 
one hundred and sivteen thousaiid stars ^ and at another time, in 
forty-one minutes, no less than two hundred and fifty-tight thou- 
sand" 

In 1.11 parts of the Milky- Way he found the stars uneqnally dispersed, and appearing 
to arrange themselves into separate clusters. In the small space for example, between 
Beta and Sad'r, in Cygni, the stars seem to be clustering in two divisions ; each division 
ronta ning upwards of one hundred and sixty-five thousand stars. At other observations, 
when examining a section of the Milky- Way, not apparently more khan a yard in breadth, 
and six in length, he discovered Jlfty Vutunand stars, large enough to be distinctly 
counted ; and he suspected twice as many more, which, for want of sufficient light in his 
t«Icscope, he saw only now and then. 

259. It appears from numerous observations, that various 
changes are taking place among the nebulee — ^that several nebu- 
lae are formed by the disolution of larger ones, and that many 
nebulae of this kind are at present detaching themselves from 
the Milky-Way. In that part of it which is in the body of 
Scorpio, there is a large opening, about 4° broad, almost desti 
tute of stars. These changes seem to indicate that mighty 
movements and vast operations are continually going on in the 
distant regions of the universe, upon a scale of magnitude and 
grandeur which baffles the human understanding. 

More than two thousand five hun^r^d nebulas have already been obtenred ; and, if 
each )f them contains as many stars »s the Milky- Way. several hundreds of millions of 
stars must exist, even within that portion of the heavens which lies open to our ooter* 
ration. 

*♦ O what a confluence of ethereal fires. 
Prom urns unnuml er'd down the steep of heaven 
streams to a point, and centers on my sight." 

260. Although the Milky- Way is more or less visible at all 
seasons of the year, yet it is seen to the best advantage during 

458. Number and economy of the stars? Dr. HerschePs statements? What nnrnbef 
passed the field of his instrument in a <;uarter of an hour? In forty-one minutes? la 
^>aee apparently only a yard in breadth ? 259. What changes observed in the nebo- 
iT)? What do they indicate? Number of nebulv? KstUiMted number of sUrs? 
MO. When is the Via Lactea scan to the best advantage? Direction when hyrh is on tlw 
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the months of Jaly, August, September, and October. When 
Lyra is on, or near the meridian, it may be seen stretching 
obliquely over the heavens from nortiieast to sou' hwcst, gi*adu 
ally moving over the tirraament in common with other constel- 
lations. ( For views of our cluster, see Map IX., h igs. 69,70,71.) 

Its form, ^^cadt^ and appearance are Tarious, In different parts of Its course. In some 
piaces it is dense and luminous ; in other:), it is scattered and faint. Its breadth is often 
Dot more than five degrees ; though sometimes it is ten or fifteen degrees, and ercn 
twenty. In some places it assumes a double path, but for the most part it is slnglo. 

It may be traced in the heavens, beginning near the head of Cepheus, about 8«* from 
the north pole, through the constellations Cassiopeia, Ferseus, Auriga, and part of Orion 
And the feet of Ocnilni, where it crosses the Zodiac; thence over the equinoctial into 
the southern hemisphere, through Monoceros, and the middle of the ship Argo, where It 
is most luminous, Charles* Oak, the Cross, the feet of the Centaur, and the Altar. Here 
it is divided into two branches, as It passes over the Zodiac again Into the northern hem- 
isphere. One branch runs through the tail of Scorpio, the bow of Sagittarius, the shield 
of Sobieski, the feet of Aotinous, Aquila, Oelphlnus, the Arrow and the Swan. Th ; other 
branch passes through the upper part of the tail of Scorpio, the side of Serpentarlus, 
Taurus Poniatowskii, the Ooose and the neck of the Swan, where it again unites with tho 
other branch, and passes on to tlie head of Cepheus, the place of its beginning. 

Some of the pagan philosophers maintained that the Milky- Way was formerly the sun's 
path, and that its present luminous appearance is the track which its scattered beams 
left visible in the heavens. 

The ancient poets, aad even philosophers, speak of the Oalaxy, or Milky-Way, as the 
path which their deities used in the heavens, and which led directly to the throne of 
Jui^ter. Thus, Ovid, in his Metamoq^oses, Book i. : — 

•♦ A way there Is in heaven's extended plain, 
Which, when the skies are clear, is seen below, 
And mortals, hy the name of Milky, know ; 

-* The groundwork is of stars, through which the road 
Lies open to tlie Thunderer's abode." 

MUton aDudes to this in the foUowing Imes :— 

** A broad and ample road, whose dust is gold, 
And pavement, stars, as stars to thee appear, 
Seen In the Galaxy, that Milky- Way, 
Which nightly ab a circling lone, thou seest 
Powdered with start." 



CHAPTER XV. 

ORIGIN" OF THE CONSTELLATIONS. 

261 . The science of astronomy was cultivated by the imme- 
diate descendants of Adam. Josephus informs us that the sons 
of Seth employed themselves in the study of astronomy ; and 
that they wrote their observations upon two pillars, one of brick 

meridian? Its form, breadth, *c.t How traced .n the heavens? Notion of the Pagac 
tthflotophers f Of the poets ? What citations t Wl , How early was astronomy ciUtlvat'wl t 



Digitized by Google 



144 ASTRONOMY. 

anrt the other of stone,* in order to preserve them against the 
destruction which Adam had foretold should come upon the earth. 

He also relates, that Abraham argued the unity and power of CK>d, Arom the orderly 
'bourse of things both at sea and land, in their times and seasons, and from his obserra- 
tions upon the motions and infiuences of the sun, moon and stars ; and that he read lec- 
tures in astronomy and arithmetic to the Egyptians, of which they understood nothing 
I ill Abraham brought these sciences fromChaldea to Egypt; from whence they passed to 
the Qreelcs. 

262. Berosus also observes that Abraham was a great and just 
man, and famous for his celestial observations ; the making of 
which was thought to be so necessary to the human welfare, that 
he assigns it as the principal reason of the Almighty's prolong- 
ing the life of man. 

This ancient historian tells ns. In his account of the longevity of the antediluvUnA, 
that Providence found it necessary to prolong man's days, in order to promote the study 
and advancement of virtue, and the improvement of geometry and astronomy, wliicb 
required, at least, six hundred years for making and perfecting observations.t 

263. When Alexander took Babylon, Calisthenes found thai 
the most ancient observations existing on record in that city, 
were made by the Chaldeans about 1903 years before that period, 
which carries us back to the time of the dispersion of mankind 
by the confusion of tongues. It was 1500 years after this that 
the Babylonians sent to Hezekiah, to inquire about the shadow'^ 
going back on the dial of Ahaz. 

It is, therefore, very probable that the ChaldeaiiS and Egyptians were the original 
iu venters of astronomy; but at what period of the world they marked out the heavens 
into constellations, remains in uncertainty. La Place fixes the date thirteen or fourteen 
hundred years before the Christian era, since it was about this period that Eudoxus con« 
structed the first celestial sphere upon which the constellations were delineated. Sir 
Isaac Newton was of opinion, that all the old constellations related to the Argonautio 
expedition, and that they were invented to commemorate the heroes and events of that 
memorable enterprise. It should be remarked, however, that while none of the ancient 
constellations refer to transactions of a later date, yet we have various accounts of them 
of a much higher antiquity than that event. 

264. Some of the most learned antiquarians of Europe have 
searched every page of heathen mythology, and ransacked all 
the legends of poetry and fable for the purpose of rescuing this 
subject from that impermeable mist which rests upon it, and 
they have only been able to assure us, in general terms, that 
they are Chaldean or Egyptian hieroglyphics, intended to per- 
petuate, by means of an imperishable record, the memory of the 
times in which their inventors lived, their religion and manners. 

* Josephus affirms, that "he saw himself that of stone to remain in Syria in his ow* 
lime." 
t Vince's Complete System of Astronomy, Vol. ii. p. 244. 



Wliat proof? What said of Abraham? 262. What further proof? What reason 
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their achievements in the arts, and whatever in thel; history was 
•iiost worthy of being commemorated. There wats, at least, a 
moral grandeur in this idea ; for an event thus registered, a 
custom thus canonized, or thus enrolled among the stars, must 
needs survive all other traditions of men, and stand forth in per- 
petual characters to the end of time. 

265. In arranging the constellations of the Zodiac, for instance, 
it would be natural for them, we may imagine, to represent 
those stars which rose with the sun in the spring of the year, by 
sQch animals as the shepherds held in the greatest esteem at that 
bcason ; accordingly, we find Aries, Taurus, and Gemini, as the 
symbols of March, April, and May. 

266. When the sun enters the sign Cancer, at the summer 
solstice, he discontinues his progress towards the north pole, and 
begins to return towards the south pole. This retrograde mo- 
tion was fitly represented by a Crab, which is said to go back- 
ward. The sun enters this sign about the 22d of June. 

The heat which usually follows in the next month was repre- 
sented by the Lion ; an animal remarkable for its fierceness, 
and which at this season was frequently impelled by thirst to 
leave the sandy desert, and make its appearance on the banks 
of the Nile. 

267. The sun entered the sixth sign about the time of harvest, 
which season was therefore represented by a Virgin, or female 
reaper, with an ear of corn in her hand. 

At the autumnal equinox, when the sun enters Libra, the 
days and nights are equal all over the world, and seem to 
observe an equilibrium or balance. The sign was therefore 
represented under the symbol of a pair of Scales. 

268. Autumn, which produces fruit in great abundance, brings 
with it a variety of diseases, and on this account was represented 
by that venomous animal, the Scorpion, which, as he recedes, 
wounds with a sting m his tail. The fall of the leaf, was the 
season for hunting, and the stars which mark the sun's path at 
this time were represented by a huntsman, or archer, with his 
arrows and weapons of destruction. 

The Goat, which delights in climbing and ascending some 
raountaiu or precipice, is the emblem of the winter solstice, when 
the sun begins to ascend from the southern tropic, and gradually 
to increase in height for the ensuing half year. 



265. Origin of Aries, Taurus, and Gemini f 266. Of Oancer and Lm 967. O* 

Virgo aud Libra f 268. 0' Scorpio and Capricorn ? 
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269 Aquarius, or the Water Bearer, is represented by tlit 
tjgure of a man pouring out water from an uru, an emblem of 
the dreary and uncomfortable season of winter. 

The last of the zodiacal constellations was Pisces, or a coupk 
of fishes, tied back to back, representing the fishing season. 
The severity of winter is over ; the flocks do not afford suste- 
nance, but the seas and rivers are open and abound with fish. 

** Tbos monstrous forms, o*er heaven^s noctamal arch. 
Seen by the sage, in pomp celestial march ; 
See Aries there his gtitterinf bow unfold, 
And raging Taurus toss his horns of gold ; 
With bended bow the sullen Archer lowers. 
And there Aquarius conifrs with all his showers ; 
Lions and Centaurs, (Jorgons, Hydras rise. 
And gods and heroes blase along the skies.'* 
Whatever may have led to the adoption of these rude names at first, they are now 
retained to avoid confusion. 

The early Greeks, however, displaced many of the Chaldean constellations, and sub- 
stituted such images in th?ir place as had a more special reference to their own history. 
The Romans also pursued the same course with regard to thei^ history; andhencs the 
contradictory accounts that have descended to later times. 

270. Some, moreover, with a desire to divest the science of 
the stars of its pagan jargon and profanity, have been induced 
to alter both the names and figures of the constellations. In 
doing this, they have committed the opposite fault ; that of 
blending them with things sacred. 

The ** venerable Bede," for example, instead of the profane 
liames and figures of the twelve constellations of the Zodiac, 
substituted those of the twelve apostles. Julius Schillerius, fol- 
lowing his example, completed the reformation in 162T, by giv- 
ing Scripture names to all the constellations in the heavens. 

Weigelius, too, a celebrated professor of mathematics in the University of Jena, made 
a new order of constellations, by converting the firmament into a colum hbuldicum, in 
which he introduced the arms of all the princes of Europe. But astronomers, generaUy, 
never approved of these innovations ; and for ourselves, we had as lief the sages and 
heroes of antiquity should continue to enjoy their fianced honors in the ^y, as to 8e» 
their places supplied by the princes of Europe. 

271. The number of the old constellations, including those of 
the Zodiac, was only forty-eight. As men advanced in the 
knowledge of the stars, they discovered many, but chiefly in 
southern latitudes, which were noc embraced in the old constel- 
lations, and hence arose that mixture of ancient and moderr 
names which we meet with in modern catalogues. 

272. Astronomers divide the heavens into three parts, called 
the Northern and Southern Hemispheres, and the Zodiac. In the 

269. Of Aquarius and Pisces? Course of the Greeks and R3mans, in displacing cor 
sioUations? 270. What other reform attempted? What pai'ticular instances cited 
i>e«le r Schillerius? Weigelius? iiow are these innovations regarded by astronomers 
ni. Number of the old constellations ? How others added ? 272. Mow 4o astntoo 
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uorthern hemisphere, astronomers asuallj reckon thin j- four con* 
stellations, in the Zodiac twelve, and in the southern hemisphere 
fortj-seven ; making in all ninety-three. Besides these, there 
are a few of inferior note, recently formed, which are not con- 
sidered sufficiently important to be particularly described. 

273. About the year 1603, John Bayer, a native of Germany, 
invented the convenient system of denoting the stars in each 
constellation by the letters of the Greek alphabet, applying to 
the largest star the first letter of the alphabet ; to the next 
largest the second letter, and so on to the last. Where thero 
are more stars in the constellation than there are Greek letters, 
the remainder are denoted by the letters of the Roman alphabet, 
and sometimes by figures. 

Bj this system of notation, it is noir ms easjr to refer to any particular star In the 
bearens, as to any particular house in a populous c<ty,by its street and number. Before 
this practice was adopted, it was customary to denote the stars by referring them to 
their respective HtuaUona in thejlgure of the constellation to which they seTerally 
belonged, as the head, the arm, the foot, Ac. 

It is hardly necessary to remark that these figures, which are all Tery curiously depicted 
opon artificial e^obes and maps, are purely a fanciful InTention — answering many con- 
venient ends, however, for purposes of reference and classification, as they enable us to 
ciesignate with facility any particular star, or cluster^ of stars; though these clusters 
rery rarely, if erer, represent the real figures of the objects whose names they bear. 
And yei it is somewhat remarkable that the name of ** Great Bear," for instance, should 
have been given to the very same constellation by a nation of American aborigines (the 
Iroquois), and by the most ancient Arabs of Asia, when there never had been any com* 
monication between them 1 Among other nations, also, between whom there exists no 
evidence of any intercourse, we find the Zodiac divided into the same number of constel' 
lations, and these distinguished by nearly the same names, representing the twelve 
montlu, or seasons of the year. 

214. The constellations, or the uncoilth figures by which they 
are represented, are a faithful picture of the ruder stages of 
civilization. They ascend to times of which no other record 
exists ; and are destined to remain when all others shall be lost. 
Fragments of history, curious dates and documents relating to 
chronology, geography and languages, are here preserved in 
imperishable characters. 

The adventures of the gods, and the inventions of men, the exploits of heroes, and 
the fancies of poets, are here spread out in the heavens, and perpetually celebrated before 
all nations. The Seven stars; and Orion, present themselves to us, as they appeared to 
Araos and Homer: as they appeared to Job, more than 8000 years ago, when the 
Almighty demanded of him — " Knowest thou the ordinances of heaven f Canst thou 
bind the sweet influences of the Plbiadbs, or loose the bands of Obion? Canst thou 
bring forth Mazzaikoth in his season, or canst thou guide Arctorus with his sons?*' 
Here, too, are consecrated the lyre of Orpheus and the ship of the Argonauts ; and, in 
w»e same firmament, glitter the Mariner's Compass and the Telescope of Uerschel. 

oiers divide the constellations? Number in each division? Total? What ethers. 
278. John Bayer's invention ? Utility of it ? How before it was adopted ? What remark 
tespect\ng the figures on maps and globes, and their use? What remarkKWc facto 
stated? 214. Historical use of the constellations? Illustrations? 
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CHAPTER XVI. 

NUMBER, DISTANCE AND ECONOMY i^F THE STARS. 

275.. The first conjecture in relation to the distance of the 
fixed stars is, that thej are all placed at an equal distance from 
the observer, upon the visible surface of an immense concave 
vault, which rests upon the circular boundary of the world, and 
which we call the Firmament, We can, with the unassisted eye, 
form no estimate of their respective distances ; nor has the tele- 
scope yet enabled us to arrive at any exact results on this sub- 
ject, although it has revealed to us many millions of stars that 
lire as far removed beyond those which are barely visible to the 
naked eye, as these are from us. 

Viewed through the telescope, the heavens become quite another spectacle — not <wly 
to the understanding but to the senses. New worlds burst upon the sight, and old ones 
expand to a thousand times their former dimensions. Several of those little stars which 
but feebly twinkle on the unassisted eye, become immense globes, with land and water, 
mountains and valleys, encompassed by atmospheres, enlightened by moons, and diver- 
sified by day and night, summer and winter. 

Beyond these are other suns, giving light and life to other systems, not a thoosand, or 
two thousand merely, but multiplied without end, and ranged all around us, at immense 
distauces from each other, attended by ten thousand times ten thousand worlds, all in 
rapid motion ; yet calm, regular and harmonious — all space seems to be illominated, and 
erery particle of light a world. 

276. It has been computed th^-t one hundred millions of stars 
which cannot be discerned by the naked eye, are now visible 
through the telescope. And yet all this vast assembl^e of suns 
and worlds may bear no greater proportion to what lies beyond 
the utmost boundaries of human vision, than a drop of water to 
the ocean ; and, if stricken out of being, would be no more 
missed, to an eye that could take in tiie universe, than the fall 
of a single leaf from the forest. 

We should therefore learn, says Dr. Chalmers, not to look on our earth as the universe 
of God, but as a single, insignificant atom of it; that it is only one of the many mansiona 
which the Supreme Being has created for the accommodation of his worsh^rs ; an j 
Ihat he may now be at work in regions more distant than geometry ever measured, creat- 
ing won Js more manifold than numbers ever reckoned, displaying his goodness, and 
spreading over all the intimate visitations of his care. 

27 T. The immense distance at which the nearest stars are 
known to be placed, proves that they are bodies of a prodigious 
size, not inferior to our sun, and that they shine, not by reflected 
rays, but by their own native light. It is therefore concluded, 

2T5. What is the first conjecture as to the distance of the stars? Can we form najust 
estimate? What said of the heavens when seen through a telescope f ^6. What 
computation as to the number of stars invisible to the naked eye, but visibte through 
lnlosco|.«e f Is this probably the whole universe f Remark of Chalmers f $77. Wha* 
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with good reason, that every fixed star is a son, no less spacious 
than ours, surrounded by a retinue of planetary worlds, which 
revolve around it as a center, and derive from it light and heat, 
and the agreeable vicissitudes of day and night. 

These rast globes of light, then, could nerer hare been designed merely to direirify 
the Toids of infinite space, nor to shed a few glimmering rajs on our far distant worid, 
for the amusement of a few astronomers, who, but for the most powerful telescopes, had 
never seen the ten thousandth part of them. We may therefore rationally conclude, thai 
wherever the All-wise Creator has exerted his creative power, there also he has placed 
intelligent beings to adore his goodness. 

278. The greatest possible ingenuity and pains have been 
taken by astronomers to determine, at least, the approximate 
distance of the nearest fixed stars. If they have hitherto been 
unable to arrive at any satisfactory result, they have, at least, 
established a limit beyond which the stars must necessarily be 
placed. If they have failed to calculate their true distances 
from the earth, it is because they have not the requisite data. 
The solution of the problem, if they had the data, would not be 
more difficult than to compute the relative distances of the 
planets — a thing which any schoolboy can do. 

In estimating so great a distance as the nearest fixed star, it is necessary that we 
employ the longest measure which astronomy can use. Accordingly, we take the whole 
diameter of the earth's orbit, which, in round numbers, is 190 millions of miles, and 
endeavor, by a simple process in mathematics, to ascertain how many measures of this 
length are contained in the mighty interval which separates us from the stars. 

The method of doing this can be explained to the apprehension of the pupil, if he does 
not shrink from the illustration, through an idle fear that it is beyond his capacity. 

For example ; suppose that, with an instrument constructed for the purpose, we should 
this night take the precise bearing or angular direction from us of some star in the 
northern hemisphere, and note it down with the most perfect exactness, and, having 
waited just six months, when the earth shall have arrived at the opposite point of its 
orbit, 190 millions of miles east of the place which we now occupy, we should then repeat 
our observation upon the same star, and see how much it had changed its position by 
our traveling so great a dbtance one side of it. Now, it is evident, that if it changes its 
apparent position at all, the qiUifUUy of the change will bear some proportion to the 
distance gone over; that is, the nearer the star, the greater the angle; and the more 
renu4e the star, the less the angle. U is to be observed, that the angle thus four<i, if 
called the star's AnnwU Paralkm, 

279. But it is found by the most eminent astronomers of the 
age, and the most perfect instruments ever made, that the paral- 
lax of the nearest stars does net exceed the four thansandik part 
of a dzgreey or a single second ; so that, if the whole great orbit 
of the earth were lighted up into a globe of fire 600 millions of 
miles in circumference, it would be seen by the nearest star only 
as a twinkling atom ; and to an observer placed at this distance, 



proof that the stars are large bodies? What conclusion, therefore? What other 
lnfer«nce ? 278. What effort to determine the distances of the stars ? What results f 
What necessary in estimating the distances of the stars? What measure taken ? De 
icril>e the process of determining the distance of the stars by paraUaoo. 278. Wha' 
tftheparullux of the stars found to he, and what follows as a consequence? What 
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oar ftan, with its whole retinae of planetary worlds, woald occupy 
a space scarcely exceeding the thickness of a spider's web.* 

If the nearest of the fixed stars are placed at sach inconceiTable distances in tbo 
regions of spaoet ^th what line shall we aieasure the distance of those which are a t^ioa- 
•and or a million of times as much farther from them, as these are from us f 

280. If the annual parallax of a star were accurately known, 
it would be easy to compute its distance by the following rule : 
As the sine of the star's parallax : 
Is to radius, or ninety degrees : : 
So is the earth's distance from the sun : 
To the star's distance from the sun. 

If we allow the annual parallax of the nearest star to be V, 
the calculation will be, 

As 0.0000048481368=Nat. Sine of 1". 

Is to 1.0000000000000 =Nat. Sine of 90°. 

So is 91,431,072 =Earth'8 distance from the sun ' 

To 18,859,011,981,469=Star'8 distance from the sun. 

In this calculation we have supposed the earth to be placed at the mean distance of 
23,112 of its own semi-diameters, or 91,4^1,072 miles from the sun, which makes the 
star's distance nearly twenty trillions of miles. The parallax of Sirius being ,V, its 
distance must be 6| times this amount, or more than ISO miUioiia of millions qfmiUi. 

The old determination of the sun's parallax (8''5776), which made the sun's mean dis- 
tance about 95 millions of miles, made the distance or a 8t«.r haying the parallax of V^ 
very nearly 20 triUions of miles (19,651,627,683,449), or 800,000 miUions of miles farther 
off than the present determination. A parallax of V is equivalent to a distance of about 
206,300 times the mean distance of the sun. 

The following table contains the names of the twelve stars the parallaxes of which 
have been approximately ascertained : 



Name, 


Parallax. 


Name, 


ParaUax. 


Name, 


Paralkm, 


a Centauri 

61 Cygni 

21258 Lalande 

17415 Oeltzen 


0".9187 
0".563S 
0".2709 
0".247 


1830 Oroombridge 

70 Ophiuchi 

a LyrsB 

Birius 


0".226 

0'M55 
CMSO 


i Urse Major. 

Arcturus 

PolaHs 

CapeUa 


0".183 
0".127 
0".067 
0".046 



* A just idea of the import of this term, will impart a force and sublimity to an expres- 
lion of St. James, which no power of words could improve. It is said, chapter i. verse 
17, of Uim from whom cometh down every good and perfect gift, that there is '* ov/c £Vi 
TTapaXkayij rj Tponrji airoaKtaa/ia." Literally, there is **neWter paraUcuo nor 
gfuicUnp ofcha/nge:^^ As if the apostle had said— Perad venture, that in traveling millions 
and millions of miles through the regions of immensity, there mav be a sensible parallax 
to some of the fixed stars ; yet, as to the Father of Lights, view him from whatever point 
of his empire we may, he is toithout parallax or shadow of change I 

then, of the mo~ distant stars? 280. How deduce the distance of a star firomiti 
parallax, if known i Ccnputation laid down ? Dr. llerschel's remark ? Biot*s estimatfl 
Dr. Brewster's? The mean of these three estimates ? Are astronomers agreed as to tlif 
Mrnllax of the stars? M. d'Assas* computations and results ? 
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281. The most brilliant stars, till recently, were supposed to 
be situated nearest the earth, but later observations prove that 
this opinion is not well founded, since some of the smaller stars 
appear to have not only a greater annual parallax, but an 
absolute motion in space, much greater than those of the bright- 
est class. 

282. It has been computed that the light of Sirius, although 
twenty thoasand million times less than that of our sun, is never- 
theless three hundred and twenty-four times greater than that of 
a star of the 6th magnitude. If we suppose the two stars U: 
be really of the same size, it is easy to show that the star of the 
sixth magnitude is fifty-seven and one-third times farther from U3 
than Sirius is, because light diminishes as the square of the dis- 
tance of the luminous body increases. 

By the same reasoning it may be shown, that If Sirlos irere placed where the sun is, i 
would appear to us to be four times as large as the sun, and give four times as nmch ligl'.t 
and heat. It is by no means unreasonable to suppose, that many of the fixed stan» 
exceed a million of miles in diameter. 

283. We may pretty safely affirm, then, that stars of the sixth 
magnitude are not less than seven hundred millions of millions 
of miles distant from us ; or a million of times farther from 
us than the planet Saturn when it approaches nearest to the earth. 
But the human mind in its present state can no more appreciate 
such distances than it can infinity ; for if our earth, which moves 
at more than the inconceivable velocity of a million and a half 
of miles a day, were to be hurried from its orbit, and to take the 
same rapid flight over this immense tract, it would not traverse 
it in twelve hundred thousand years; and every ray of light, 
although it moves at the rate of one hundred and eighty-five 
thousand miles in a single second of time, is more than one hun- 
dred and twenty yeai's in coming from the star to us. 

But what ij even this, compared with that measureless extent which the discoveries of 
tlifa telescope indicate? According to Dr. llerschel, tlie light of some of the nebuie, ju£t 
perceptible through his 40 feet telescope, must have been a million of ages in coming t i 
the earth ; and should any of them be now destroyed, they would continue to be percefK 
tible for a ciillion of ages to come. 

Dr. Hersobel informs us, that the glass which he used would separate stars at 497 timo) 
the distance of Sirius. 

284. It is one of the wonders of creation, that any phenomena 
uf bodies at such an immense distance from us should be percej> 
tible by human sight ; but it is a part of the Divine Maker's 

281. Former supposed relative distance of the most brilliant stars ? Present opinion, 
and on what founded? S82. What computation as to the light of Sirius? What con* 
rlusion as to the dtstanea of other stars ? How, then, would he appear if as near as ou; 
fcun ? What conclusion as to the magnitude of the stars ? 288. Distance of the si^^th 
magnitude stars? How measured by the flight of the earth ? Of light? What further 
estiDtate by Dr. Herschel? 2S4. What remark respecting our Icnowledge of the starti 
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plan, that although they do not act physically upon us, yet t'ley 
should so far be objects of our perception, as to expand our ideas 
ef the vastness of the uniTerse, and of the stupendous extent 
and operations of his omnipotence. 

** With these facts before us," says an eminent astronomer and divine, '* it is most rea- 
sonable to conclude, that those expressions in the Mosaic history of Creation, which 
relate to the creation of the fixed stars, are not to b« understood as referring to the tim^ 
when they were brought into existence, as if they had been created about the same time 
with our earth ; but as simply declaring the fact-, that, at whatever period in duration 
they were cttt^ttd, they derived their eaoiiftence /rotth Cfod.** 

285. **That the stars here mentioned" {Gen. i. 16), says a 
distinguished commentator, " were the planets of our system, 
and not the fixed stars, seems a just inference from the fact, that 
after mentioning them, Moses immediately subjoins, * And 
Elohim set them in the firmament of the heaven to give light 
upon the earth, and to rule over the day and over the night ;' 
evidently alluding to Venus and Jupiter, which are alternately 
our morning and evening stars, and which * give light upon the 
earth,' far surpassing in brilliancy any of the fixed stars." 

However vast the universe now appears, however numerous the worlds which may 
txist within its boundless range, the language of Scripture, and Scripture alone, is suffi- 
ciently corjprehensive and sublime to express all the emotions which naturally arise in 
the mind when contemplating its structure. This shows not only the harmony which 
subsists between the discoveries of the Revelation and the discoveries of Sefence, but 
also forms, by itself, a strong presumptive evidence, that the records of the Bible aro 
authentic and divine. 

286. We have hitherto described the stars as being immov- 
able and at rest ; but from a series of observations on double 
stars. Dr. Herschel found that a great many of them have 
changed their situations with regard to each other ; that some 
perform revolutions about others, at known and regular periods, 
and that the motion of some is direct, while that of others is 
retrograde ; and that many of them have dark spots upon theii 
surface, and turn on their axes, like the sun. 

287. A remarkable change appears to be gradually taking 
place in the relative distances of the stars from each other in 
the constellation Hercules. The stars in this region appear to 
be spreading farther and farther apart, while those in the oppo- 
site point of the heavens seem to close nearer and nearer together, 
in the same manner as when walking through a forest, the tree^ 
toward which we advance appear to be constantly separatinp 
while the distance between those which we leave behind is gri 
dually contracting. 

by sight? How ^ro we to understand Moses as to the time of the creation of the stawJ 
285. What meant by the " stars" mentioned Gen. i., 16? What proof? Remaric respr<rtr 
l\ig the Scriptures ? 286. How lave the stars been described hitherto ? What is ib# 
fact? 9&[. What example cited? What astonishing conclusion? 
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From this appearanes it is concluded, that the sun, irlth all Its retinue of plamttary 
vorlds, is moring through the regions of the universe, toirard smoe distant center, or 
fu-ound some wide circumference at the rate of near tiilrty thousand miles an hour ; ami 
that it is therefore higlily probable, if not absolutel/ certain, tlmt we shall never occupy 
that portion of absoi'tUe apace^ through which we are at this moment passing, durlnft 
all tike succeeding ages of eternity. 

288. The direction of the Sun's motion is towards the constel- 
lation of Hercules ; R. A. 269° ; Dec. 35°. This velocity 
in space is estimated at 8 miles per second, or 28,000 miles 
per hour. His period is 9hemi 18,200,000 years ; and the 
arc of his orbit, over which he has traveled since the creation 
of the world, amounts to only about ^^^^^th part of his orbit, or 
about 7 minutes — an arc se small, compared with the whole, as 
to be hardly distinguishable from a straight line. 

With this wonderfnl fact in riew, we may no longer consider the son as fixed and sta- 
tionary, but rather as a Taat and luminous planat^ sustaining the same relation to som« 
oentral orb that the primary planets sustain to him, or that tlie secondaries sustain to 
their primaries. Nor is it necessary that the stupendous mecliaaism of nature should be 
restricted eren to these sublime proportions. The sun's central body may also have its 
orbit, and its center of attraction and motion, and so on, till, as Dr. Dick observes, we 
come to the great center of all— to the raioni or Ctool 

Professor Madler, of Dorpat, in Russia, has recently annoonced as a discovery that 
the star Alcyone^ one of the seven stars. Is the eemUr around which the sun and solar 
system are rev<rfving. 

289. Dr. Dick, the author of the Christian Philosopher, 
endeavors to convey some idea (^ the boundless extent of the 
universe, by the following sublime illustration : — 

"Suppose that G«e of the highest order of intelligences is 
endowed with a power of rapid motion superior to that of light, 
and with a corresponding degree of intellectual energy ; that he 
has been flying without intermission, from one province of crea- 
tion to another, for six thousand years, and will continue the 
same rapid course for a thousand million years to come, it is 
highly probable, if not absolutely certain, that, at the end of this 
vast tour, he would have advanced no farther than the * sub- 
urbs of creation,* — and that all the magnificent systems of mate- 
rial and intellectual beings he had surveyed, during his rapid 
flight, and for such a length of ages, bear no more proportion to 
the whole empire of Omnipotence, than the smallest grain of 
sand does to all the particles of matter contained in ten thousand 
worlds.'* 

Were a seraph, iQ prosecuting the tour of creation in the manner now stated, ever tu 
arrive at a limit beyoQd which no farther displays of the Divinity could be perceived, the 
thought woald overwhelm his faculties with unutterable emotions ; he would feel that he 
had now» in soiae measure, comprehended all the plans and operations of Omnipotence, 
»nd that no fiarcher manifestation of the INvine glory remained to be explore!. But wc 
may rest mwmred that this can never hap|>en in the case of any created intelligence. 

28S T\vt direction and velocity of the sun f Period? Arc of orbit passed over sinc-s 
rreationf How, then, should we consider the sunf View of the laniverse? Discovery 
of P(«>le890f XadL«vf 389. Dr. Dick's illustrations t 
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290. There is, moreover, an argument derivable from lh« 
laws of the physical world, that seems to strengthen, I had 
almost said, to confirm, this idea of the Infinltj of the material 
universe- It it* this — If the number of stars be finite, and 
occupy only a part of space, the outward stars would be con- 
tinually attractiHl to those within, and in time would unite in 
one. But if the number be infinite, and they occupy an infinite 
ppace, all parts would be neajly in equilibrio, and consequently 
each fixed star, being equally attracted in every direction, would 
keep its place. 

No wonder, then, that the Psalmist was so affected with the Idea of the immensity of 
tliti universe, that he teems almost afraid lest he should be overloolced amidst the immen- 
sity of beings that must needs betinder the superintendence of Ood ; nor that any finite 
mortal should exclaim, when contemplating the heavens-^** What is num^ that THOCJ 
art mindful of him T* 



CHAPTER XVII. 
FALLING, OR SHOOTING STARS. 

291. The phenomenon of shooting stars, as it is called, is com- 
mon to all parts of the earth ; but is most frequently seen in 
tropical regions. The unerring aim, the startling velocity, and 
vivid brightness with which they seem to dart athwart the sky, 
and as suddenly expire, excite our admiration j and we often 
a^k, " What can they be ?" 

But frequent as they are, this interesting phenomenon is not 
well understood. Some imagine that they are occasioned by 
electricity, and others, that they are nothing but luminous gas. 
Others again have supposed, that some of them are luminous 
bodies which accompany the earth in its revolution around the 
sun, and that their return to certain places might be calculated 
with as much certainty and exactness as that of any of the 
comets. 

292. Dr. Burney, of Gosport, kept a record of all that he 
observed in the course of several years. The number which he 
noticed in 1819 was 121, and in 1820 he saw 131. Professor 

290. What argument supposed to favor the idea of a houndlewt universe? Allusion tc 
the Psalmist? 291. Where are shooting stars most common? Are they well under 
stood? What theories stated ? 292 Or. Burney's record ? Professor Oreen*s opintoaf 
Signior Baccaria's opinion, and his rc..son« for it? 
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Green is confident that a mach larger namber are annaallj seen 
in the United States. 

Signior Baccaria supposed they were occasioned by electricity, 
and thinks this opinion is confirmed by the following observa- 
tions. About an hour after sunset, he and some friends, that 
were with him, observed a falling star directing its course directly 
toward them, and apparently growing larger and larger, but just 
before it reached them it disappeared. On vanishing, their 
faces, hands, and clothes, with the earth and all the neighboring 
objects, became suddenly illuminated with a diflfused and lambent 
light. It was attended with no noise. During their surpri.se at 
this appearance, a servant informed them that he had seen a 
light shine suddenly in the garden, and especially upon the 
streams which he was throwing to water it. 

The Signior also observed a quantitj of electric matter collect about his kite, vrhlct. 
had very much the appearance of a falling star. Sometimes he saw a Idi.d of hak 
accompanying the kite, as it changed its place, leaving tome glimmering of light in thf 
place it had quitted. 

29B: Shooting stars have been supposed by those meteorolo- 
gists who refer them to electricity or luminous gas, to prognos- 
ticate changes in the weather, such as rain, wind, &c. ; and there 
is, perhaps, some truth in this opinion. The duration of the 
brilliant track which they leave behind them, in their motion 
through the air, will probably be found to be longer or shorter, 
according as watery vapor abounds in the atmosphere. 

The notion that this phenomenon betokens high winds, is of g^eat antiquity. VirfrL 
to the first book of his Georgics, expresses the same idea : — 

" Swpe etiam Stellas vento impendente videbia 
Pi-BBcipites cwUt labi ; noctisque per umbram 
Flammarum longoi' a tergo albescere tractus ** 
•' And oft, before tempestuous winds arise. 
The seeming stars full headlong from the skies, 
And shooting through the darkness, gild the night 
With sweeping glories and long trulls of light.** 

294. The number of shooting stars observed in a single night, 
though variable, is commonly very small. There are, however, 
several instances on record of their falling in " showers " — when 
every star in the firmament seems loosened from its sphere, and 
moving in lawless flight from one end of the heavens to the 
other. 

As early as the year 472, in the month of November, a phe- 
nomenon of this kind took place near Constantinople. As Theo- 

298. What are they supposed by some to prognosticate? Wlmt other ancient notion f 
Po*;tic quotation ? 294. What said of the numl*er of shooting stars? What tnstanci* 
.'f '• m-tcoric showers " cited ? 
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phanes relates, " the sky appeared to be on fire," with tlie conw 
cations of the flying meteors.. 

A ahowcr of stars exactly liiroilar took place !n Canada, between the 8d and 4lh of 
July, 1814. and another at Montreal, in November, 1S19. In all these cases, a residuum 
nr black dutit^ was deposited upon the surface of the waters, and upon the roofs of build* 
Ings, and other objects. In the year ISIO, ♦♦ inflamed substances," it is said, fell into, 
and around lake Van, in Armenia, which stained the water of a blood color, and clefl 
the earth in various places. On the 5th of September, 1819, a like phenomenon was see? 
In Moravia, llistory furnishes many more Instances of meteoric showers, depositing a 
red dtmt in some places, so plentiful as to admit of chemical analysis. 

295. The commissioner (Mr. Andrew Ellicott), who was sent 
cut by our government to fix the boundary between the Spanish 
possessions in North America and the United States, witnessed 
a very extraordinary flight of shooting stars, which filled the 
whole atmosphere from Cape Florida to the West India Islands. 
This grand phenomenon took place the 12th of November, 1799, 
and is thus described : — ** I was called up," says Mr. Ellicott, 
" about 3 o'clock in the morning, to see the shooting stars, &s 
they are called. The phenomenon was grand and awful. The 
whole heavens appeared as if illuminated with sky-rockets, 
which disappeared only by the light of the sun, after daybreak. 
The meteors, which at any one instant of time appeared as 
numerous as the stars, flew in all possible directions except //*<?«« 
the earth, toward which they all inclined more or less, and some 
of them descended perpendicularly over the vessel we were in, so 
that I was in constant expectation of their falling on us." 

Mr. Ellicott further states that his thermometer, which had been at 80" Fahr. for the fou: 
days preceding, fell to &6' about 4 o'clock, A. M., and that nearly at the same time, the 
wiiMl changed from the south to the northwest, from whence it blew with great violenc*' 
for three days without intermission. 

These same appearances were observed the same night at Santa Fe de Bogota, Cti- 
maaa, Quito, and Peru, in South America ; and as far north as Labrador and Greenland, 
extending to Weimar In Germany, being thus visible over an extent on the globe of 64* 
of latitude, and 94* of longitude. 

The celebrated Humboldt, accompanied by M. Bompland, 
then in S. Ainerica, thus speaks of the phenomenon : — " Toward 
the morning of the 13th of November, 1799, we witnessed a 
most extraordinary scene of shooting meteors. Thousands of 
bolidesj and falling stars succeeded each other during four hours. 
Their direction was very regular from north to south. From 
the beginning of the phenomenon there was not a space in the 
firmament, equal in extent to three diameters of the moou, 
which was not filled every instant with bolides or falling stars. 
All the meteors left luminous traces, or phosphorescent bands 
behind them, which lasted seven or eight seconds.*' 

906. VHiat ph'tnomenon described by Mr. Ellicott f When and where f B(i> '^ on hil 
ttiermometcr ? Whi^.re elM observed, and by whom? 
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Tii/» phenomenon was witnessed by the Capiichln missionary at 8an Fernando do 
Aflar^ a Tillage situated In lat. 7' 58' 12% amidst the savannahs of the province ot 
Varlnas ; by the Franciscan monks stationed near the cataracts of the Oron.KJo, and at 
Marca, on the banks of the Rio Negro, lat. 3* 40% long. 7(»* 'iW and in the west of braail, 
IS far as the equator Itself; and also at the city of Porto Cabello, lat. 10* 6 W, in Vreuch 
Uuiana, Popayan, Quito, and Peru. It is somewhat surprising that the same appearances, 
observed in places so widely separated, amid the ra»t and lonely deserts of South 
\raeric-a, should have been seen, the same night, in the bolted States, In Labrador, In 
Bieenland, and at Itterstadt, near Weimar, in Germany! 

296. We are told that thirty years before, at the city of 
Quito, *' there was seen in one part of the sky, above the volcano 
of Cayamburo, so great a number of falling stars, that the moun- 
tain was thought to be in flames. This singular sight lasted 
more than an hour. The people assembled in the plain of Exida, 
where a magnificent view presents itself of the highest summits 
of the Cordilleras. A procession was already on the point ot 
setting out from the convent of St. Francis, when it was per 
ceived that the blaze on the horizon was caused by fiery meteors, 
which ran along the sky in all directions, at the altitude of 12 
or 13 degrees."* 

29T. But the most sublime phenomenon of shooting stars, of 
which the world has furnished any record, was witnessed through- 
out the United States on the morning of the 13th of November, 
1833. The entire extent of this astonishing exhibition has not 
been precisely ascertained, but it covered no inconsiderable por- 
tion of the earth's surface. It has been traced from the longi- 
tude of 61°, in the Atlantic ocean, to longitude 100^ in Central 
Mexico, and from the North American lakes to the West Indies. 
It was not seen, however, anywhere in Europe, nor in South 
America, nor in any part of the Pacific Ocean yet heard from. 

Everywhere, within the limits above mentioned, the first 
appearance was that of fireworks of the most imposing grandeur, 
covering the entire vault of heaven with myriads of fire-balls, 
resembling sky-rockets. Their coruscations were bright, gleam- 
ing and incessant, and they fell thick as the flakes in the early 
snows of December. (See cut on the next page.) 

To the splendors of this celestial exhibition, the most brilliant sl^-rockett and fire- 
works of art bear less relation than th-> twinkling of the most tiny star to the broad 
^are of the sun. The whole hearens seemed in motion, and suggested to some the awful 
grandeur of the image employed in the apocalypse, upon the opening of the sixth seal, 
when *•* the stars of heaven fell unto the earth, even as a fig-tree casteth her untimely 
fig£> when 8b« is shaken of a mighty wind." 

298. One of the most remarkable circumstances attending 
his display was, that the meteors all seemed to emanate from 

2116. What other similar phenomenon cited ? 297. What still mor? sublime 8p«ct%<ul<3i 
rts extent? Its appearance? 
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one and the same point, a little southeast of the zenith. Follow 
ihf^ the Hrch of the sky, they ran along with immense velocity, 
Uescribing, in sonm instances, an arc of 30^ or 40** in a few 




mraoKio SBown or hotbubib, 1888. 

seconds. On more attentive inspection it was seen, that thtj 
meteors exhibited three distinct varieties ; the first, consisting 
i)^ 'phosphoric lines^ apparently described by a point ; the second^ 
of large fire-ballSy that at intervals dartc4 along the sky, leaving 
himinous trains, which occasionally remained in view for a num- 
Imt of minutes, and, in some cases, for half an hour or more ; 
the third, of undefined hLmiTwus bodies, which remained nearly 
Btationary in the heavens for a long time. 

Those of the first variety were the most numerous, and resembled a shower of flery 
inow driven with inconceivable velocity to the north of west. The second kind appeared 
more V\]iiefiUling stars — a spectacle which was contemplated by the more unenlightened 
beholders with great amazement and terror. The trains which they left were commonlv 
white, but sometimes were tinged with various prismatic colors, of great beauty. 

299. These fire-balls were occasionally of enormous size. Dr. 
Smith, of North Carolina, describes one which appeared larger 
than the full moon rising. " I was," says he, " startled by <ihc 

' 2f>l ^Vhat remarkable circqrost^nci attende4 this p))enQp»^nc^? Y«rl«4if of metttor^f 
en What said of the fireballs seen? Of their sise? 
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lonsiderations leave no doubt tbit 



Splendid light in which the surroanding sceQC was exhibited, ren- 
dering even small objects quite visible." 

The same ball, or a similar onc« _ _^ 

leen at New Haven, passed off in a 
Dorthwest direction, and explode<l a 
UUe northward of the star Capella, 
i>aving, Just behind the place of 
explosion, a train of peculiar beantj. 
The line of direction was at first 
nearly straight ; but it soon began to 
contract in length, to dilate in breadth, 
and to assume the figure of a serpent 
scROLUMQ itself up, until it appeared 
Ulie a luminous cloud of vapor, float- 
ing gracefully in the air, where It 
remained ic fuU view for several 
niinutes. 

If this body were at the distance of 
llo miles from the observer, it must 
have had a diameter of one mile ; if 
at the distance of 11 miles, its diame- 
»er was 628 feet; and If only one mile 
off, It most have been 4S feet in diameter. Th< 
many of the meteors were bodies of largs siM. 

300. Of the third variety of meteors, the following are remark- 
able exan^ples : — At Poland, Ohio, a luminous body was dis- 
tinctly visible in the northeast for more than an hour. It was 
very brilliant, in the form of a pruning-hook^ and apparently 
twenty feet long, and eighteen inches broad. It gradually 
settled toward the horizon, until it disappeared. 

At Niagara Falls, a large luminous body, shaped like a »qtMre UtJtU^ was seen near 
tlir senith, remaining for some time almost stationary, emitting large streams of light. 

301. The point from which the meteors seemed to emanate, 
was observed, by those who fixed its position among the stars, 
to be in constelhition Leo ; and, according to their concurrent 
testimony, this radiant point was stationary among the stars, 
during the whole period of observation ; that is, it did not move 
along with the earth, in its diurnal revolution eastward, but 
accompanied the stars in their apparent progress westward. 

A remarkable change o/wetUh^r^ from warm to cold, accompanied the meteoric 
ehower, or immediately followed i:. In all parts of the United States, this change was 
remarkable for its suddenness atd intensity. In many places, the day preceding had 
boen unusually warm for the season, but, before the next morning, a severe frost ensued, 
ttnparalleled for the time of year. 

302. In attempting to explain these mysterious phenomena, it 
is argued, in the first place, tkat the mdeors had thdr orifrin 
heyoTui the limits of our atmosphere ; that they of course did not 
l)elong to this earth, but to the regions of space exterior to it 

800. What other variety of meteors described? Where? 801. Point from wh'ch 
•hey seemed to emanate ? What change of weather folio «-ed ? 802. What fact asset tfd 
•^ to the dMafue from which those meteors came l»rofv*ssor 0lmsted*s estiiOHt* ot • 
<lu.tiQcer 
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Tht> reason on which the conclusion ii founded is this :^A11 bodies near the eart!. 
\nuludiiig the atmosphere itself, have a common motion with the earth arouml its axil 
from west to east ; but the radiant jx>int^ that indicated the source from which th« 
oieteortf euianated, followed the course of the stars from east to west ; therefore, it waa 
In«lep»fndent of the earth's rotation, and consequently, at a great distance from it, ana 
beyond tiie limits of the atmosphere. The heigiU of the meteoric cloud, or radiant point, 
above the earth^s surface, was, according to the mean average of Professor OUnsted'd 
observations, not less than 2283 miles. 

303. That the meteors were constituted of very light, combus- 
tible materials, seems to be evident, from their exhibiting the 
actual phenomena of combustion, they being consumed, or con- 
verted into smoke, with intense light ; and the extreme tenuity 
of the substance composing them is inferred from the fact that 
they were stopped by the resistance of the air. Had their quanr 
tity of matter been considerable, with so prodigious a velocity, 
they would have had suflScient momentum to dash them upon 
The earth ; where the most disastrous consequences might have 
toUowed. 

The momentum of even light bodies of such sise, and in such numbers, traversing the 
atmosphere with such astonishing velocity, must have produced extensive derangements 
in the atmospheric equilibrium. Cold air from the iipper regions would be brought down 
to the earth ; the portions of air incumbent over districts of couatry remote from each 
other, being mutually displaced, would exchange places, the air of the warm latitudes b<> 
transferred to colder, and that of cold latitudes to warmer regions. 

304. Various hypotheses have been proposed to account for this 
wonderful phenomena. The agent which most readily suggests 
itself in this, and in many other unexplained natural appearances, 
is electricity. But no known properties of electricity are adequate 
to account for the production of the meteors, for their motions, or 
for the trains which they, in many instances, left behind them. 
Others, again, have referred their proximate cause to magmtism, 
and to phosphureted hydrogen ; both of which, however, seem to 
be utterly insufficient, so far as their properties are known, to 
account for so unusual a phenomenon. ' 

305. Professor Olmsted, of Yak College, who has taken much 
pains to collect facts, and to establish a permanent theory for 
the periodical recurrence of such phenomena, came to the con- 
elusion, that — 

The meteors of November 13^A, 1833, emanated from a nehUous 
body J which was then pursuing its way along with th€ earth around 
ihe sun ; that this body continues to revolve around the sun, in an 
tlliptical orbit — but little inclined to the plane of the ecliptic, anu 
having its aphelion near the orbit of the earth ; and JinaUy, thai 

803. Supposed composition of these meteors? Why? 804. Hypotheses for exptau^ 
'fig phenomenon? Are they satisfactory? 805. Professor Olmsted's conclusion! 
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ike body has a 'period of riearly six months^ and that its perihelion 
IS a little below the orbit of M^cary* 

This theory at least accommodates itself to the remarkable flwt, that almost all the 
phenomena of this description, which are known to have happened, hate occurred in the 
1*0 opposite months of April and Norember. A similar exhibition of meteors to that of 
November, 1883, was observed on the same day of the week, April «Oth, 1808, at Rich- 
awnd, Virginia ; Stockbridge, Massachusetts ; and at HaUfax, in British America. Another 
^^ **^°®ssed in the autumn of 1818, in the North Sea, when, in the language of the 
'^"f^^yers, " all the surrounding atmosphere was enveloped in one expansive sea of fire, 
exhibiting the appearance of another Moscow, in flames." 

♦ After theftrnt edition of this toork werU to presa^ the author tDcu politely fur- 

nisfiedf &y Profea»or Olmsted^ with the following commtmicaUon. 
•*I am happy to hear that you propose to stereotype your • Geography of the Heavens 
It has done much, I believe, to diffuse a popular knowledge of astronomy, and I am pleased 
that your efforts are rewarded by an extended patronage. 

"Were I now to express my views on the sutject {Meteoric Shotoers) in as condensed 
a form as possible, I should state them in some such terms as the following : The meteorie 
■howers which have occurred for several years past on or about the 18th of November^ 
are characterised by four peculiarities, which distinguish them from ordinary shooting 
^tars. First, they are far more numerous than common, and are larger and brighter. 
Secondly, they are In much greater proportion than usual, accompanied by luminous 
trains. Thirdly, th^y mostly appear to radiate from a common center ; that is, were 
their paths in the heavens traced backward, they would meet in the same part of the 
heavens : this point has for three years past, at least, been situated in the constellation 
I'eo. Fourthly, the greatest display is everywhere at nearly the same time of night, 
namely, from three to four o'clock— a time about half-way from midnight to sunrise. The 
meteors are inferred to consist of combuHible matter, because they are seen to take fire 
and bum in tho atmosphere. They are known to be very light, because, although they 
bn toward the earth with immense velocity, few, if any, ever reach the earth, but are 
arrested by the air, like a wad fired from a piece of artillery. Some of them are inferred 
to be bodies of comparatively great siee^ amounting in diameter to several hundred feet, 
at least, because they are seen under so large an angle, while they are at a great distance 
from the spectator. Innumerable small bodies, thus consisting of extremely light, thin, 
combustible matter, existing together in space far beyond the limits of the atmosphere, 
ure believed to compose a body of immense extent, which has been called ' the nebulous 
l>ody.' Only the skirts or octreme portions of this are brought down to the earth, while 
the entire extent occupies many thousands, and perhaps several millions of miles. This 
nebulous body is inferred to have a revolution around the sun, as well as the earth, and 
to come very near to the latter about the ISth of November each year. This annual 
meeting every year, for several years in succession, could not take place unless the 
periodic time of the nebulous body is either nearly a year, or half a year. Various rea- 
sons have induced the belief that half a year is the true period ; but this point is con- 
sidered somewhat doubtful. The zodiacal light, a faint light that appears at different 
seasons of the year, either immediately preceding the morning or following the evening 
tvKijjht, ascending from the sun in a triangular form, is, with some degree of probability, 
ttioight to be the nebular body itself, although the existence of such a bdy, revolving 
in the solar system, was inferred to be the cause of the meteoric show*"-8, before any 
connection of it with the zodiacal light was even thought of." 

With what reniarkable fact docs his theory accord ? Substance of letter from Profeasoi 

Oiinsu;U ? 
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306. Exactly one year prerious to the great pLenomenon of 
1833, namelj, on the 12th of November, 1832, a similar meteoric 
display was seen near Mocha, on the lUd Sea, by Capt. Ham- 
mond and crew of the ship Restitution. 

A gentleman in South Carolina thus describes the effect of the phenomenon of 1883, 
tpon his ignorant blaclcs : ^* I was suddenly awalcened by the most distreswing cries tliai 
ever fell on my ears. Shrieks of horror, and cries of mercy, I could hear from most oi* 
the negroes of three plantations, amounting in all to about six or eight hundred. While 
earnestly listening for tlie cause, I heard a faint noise near the door calling ray name; 
( arose, and taking my sword, stood at the door. At this moment, I heard the same 
voice still be8<M!ching me to rise, and saying, ' 0, my God, the world is on fire !* I then 
o|>ened tlie door, and it is diflBcult to say which excited me most — the awfulness of the 
scene, or the distressed cries of the negroes ; upward of one hundred lay prostrate on ibe 
ground— some speechless, and some with the bitterest cries, but most with their handi 
raised, imploring God to save the world and them. The scene was truly awful ; fo 
lever did rain fall much thicker, than the meteors fell toward the earth ; east, wist 
lurth, and south, it was the same !" 

806. What similar meteoric shower referred to f Oeacrlptioa of tiut of MoTefllber 
138R, and its ctfecU upon certain peraona t 
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THE SOLAR SYSTEM, 



CHAPTER I. 

GENERAL PHENOMENA OF THE SOLAR SYSTEH, 
HISTORY, &a 

307. Our attention has hitherto been directed to those bodies 
which we see scattered everywhere throughout the whole celes- 
tial concave. These bodies, as has been shown, twinkle with a 
reddish and variable light, and appear to have always the same 
position with regard to each other. We know that their num- 
ber is very great, and that their distance from us is immeasur- 
able. 

We are also acquainted with their comparative brightness, and their situation. In a 
word, we hare before us their few risible appearances, to wliich our knowledge of thera 



is well-nigh limited ; almost all our reasonings in regard to them being founded on con*' 
parativety few and uncert&in analogies. Accordingly, our oAi«/ business thus far has 
been to detail their number, to describe their brightness and positions, and to gire the 



r few and uncert&in analogies. Accordingly, our ohi«/ business thus far has 
tail their number, to describe thei ' ■ •• * . . . .. 

names by which Uiey ^uive been designated. 

308. There now remain to be considered certain other celes- 
tial bodies, all of which, from their remarkable appearance and 
changes, and some of them from their intimate connection with 
the comfort, convenience, and even existence of man, must have 
always attracted especial observation, and been objects of the 
most intense contemplation and the deepest interest. Most of 
these bodies are situated within the limits of the Zodiac. The 
most important of them are, the Sun, so superior to all the 
heavenly bodies for its apparent magnitude, for the light and 
heat which it imparts, for the marked effects of its changes of 
position with regard to the Earth ; and the Moon, so conspicu- 
ous among the bodies which give light by night, and from her 

SOT. Subject of Part IT.y Of our inrestigations hitherto? How distinguished ? theii 
Qunber, distance, Ac. ? What has been our chief business thus far? 808. What noi 
rbmaius to be considered? How situated? Which the most important of them? 
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soft and silvery brightness, so pleasing to behold ; remarkable 
not only for changes of position, but for the varied phases or 
appearances which she presents, as she waxes from her cresceat 
form through all her different stages of increase to a full orb, 
and wanes back again to her former diminished figure. 

309. The partial or total obscuration of these two bodies, 
which sometimes occurs, darkness taking place even at mid-day, 
and the face of night, before lighted up by the Moon's beams, 
being suddenly shaded by their absence, have always been among 
the most striking astronomical phenomena, and so powerful in 
their influence upon the beholders, as to fill them with perplexity 
and fear. 

310. If we observe these two bodies, we shall find that, 
besides their apparent diurnal motion, across the heavens, they 
exhibit other phenomena, which must be the effect of motion. 
The Sun during one part of the year will be seen to rise every 
day farther and farther toward the north, to continue longer and 
longer above the horizon, to be more and more elevated at mid- 
day, until he arrives at a certain limit ; and then, darifig the 
other part, the order is entirely reversed. 

311. Again ; if the Sun^s motions be attentively observed, he 
will be found to have another motion, opposite to his apparent 
diurnal motion from east to west. This may be perceived dis- 
tinctly, if we notice, on any clear evening, any bright star which 
is first visible after sunset, near the place where he sunk below 
the horizon. The following evening, the star will not be visible 
on account of the approach of the Sun, and all the stars on the 
east of it will be successively eclipsed by his rays, until he shall 
have made a complete apparent revolution in the heavens. 
Thei^e are the most obvious phenomena exhibited by these two 
bodies. 

312. The Moon sometimes is not seen at all ; and then, \rhen 
she first becomes visible, appears in the west, not far from the 
setting Sun, with a slender crescent form ; everv night she 
appears at a greater distance from the setting Sun, mereasing in 
size, until at length she is found in the east, just as the Sun is 
sinking below the horizon in the west. 

313. There are also situated within the limits of the Zodia< 
certain other bodies, which, at first view and on a superficial 
examination, are scarcely distinguishable from the fixed stars. 

809. What said of their obgcuration? 810. Of their motions? 811. Has the Sro 
an ar parent eastward motion? 812. What said of the Moon's motions and phase.! 
&18. What other bodies and their motions ? What called, and why ? 
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Bat, observed more attentivelj, they will be seen to shine witb 
a milder and steadier light, and, besides being carried round 
with the stars, in the apparent revolution of the great celestial 
concave, they will seem to change their places in the concave 
itself. Sometimes they are stationary ; sometimes they appear 
to be moving from west to east, and sometimes to be going back 
again from east to west ; being seen at sunset sometimes in the 
east, and sometimes in the west, and always apparently changing 
their position with regard to the earth, each other, and the 
other heavenly bodies. From their wandering, as it were, ir 
vhis manner through the heavens, they were called by the Greeks 
nkavTirat, planets, which signifies waiuitnrs, 

814. There also sometimes appear in the heavens, bodies of a 
very extraordinary aspect, which continue visible for a considera- 
ble period, and then disappear from our view ; and nothing more 
is seen of them, it may be, for years, when they again present 
themselves, and take their place among the bodies of the celes- 
tial sphere. They are distinguished from the planets by a dull 
and cloudy appearance, and by a train of light. As they 
approach the sun, however, their faint and nebulous light becomes 
more and more, brilliant, and their train increases in length 
until they arrive at their nearest point of approximation, when 
they shine with their greatest brilliancy. As they recede from 
the Sun, they gradually lose their splendor, resume their faint 
and nebulous appearance, and their train diminishes, until they 
entirely disappear. They have no well-defined figure ; they 
seem to move in every possible direction, and are found in every 
part of the heavens. Prom their train they were called by the 
Greeks koutjtcu, comets^ which signifies bearded , or having 
long hair. 

The caoaes of these yarious phenomena roust hare earlj coostitated a very natural 
(Qt^^t of inquiry. Accordingly, we shall find, if we examine the history of. the science, 
thai in very early times there were many speculations upon this sul^ect, and that differ- 
ent theories were adopted to account for these celestial appearances. 

315. The Egyptians, Chaldeans, Indians, and Chinese, early 
l>ossessed many astronomical facts, many observations of impor- 
tant phenomena, and many rules and methods of astronomical 
calculation ; and it has been supposed, that they had the ruins 
of a great system of astronomical science, which in the earliest 
ages of the world had been carried to a great degree of perfect 
^•lon, and that while the principles and explanations of the phe- 

*U. Any other bodies described? How distinguished? What caUed, and why ? Is it 
Vtobable that these phenomena were early observed ? 815. What said of the Egyptians 
Chaldeans, Ac. ? Of the Chinese in particalar? Of the Indians and Chaldeans? 
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DomeDa were lost, the isolated, unconnected facts, rales of calcn 
latioa, and phenomena themselves, remained. 

Thus, the Ohinese, who, tt is generally agreed, possess the oldest autneatie obser ra- 
tions on record, have recorded in their annals, a conjunction of five placets at the sanac 
time, which happened 2461 years before Ohrist, or 100 years before the flood. By mathe* 
matical calculation, it is ascertained that this conjunrtinn really occurred at that time 
The first obserTatiun of a solar eclipse of which the worHl has any knowledge, was mad* 
by the Chinese, S12S years before Christ, or S90 years after the delage. It seems, also« 
that the Chinese understood the method of calculating eclipses ; for, it is said, that the 
emperor was so irriuted against the great officers of state for neglecting to predict tbn 
eclipse, that he caused them to be put to death. The Chinese have, from time imme« 
morial, considered Solar Eclipses and conjunctions of the planets, as prognostics of 
Importance to the Empire, and they have been predicted as a matter of state policy. 

The astronoo-ical epoch of the Chinese, according to Bailly, commenced with Fohl, 
tlieir first emperor, who flourished 29d2 years before the Christian era, or about 800 
years before the deluge. If it be asked how the knowledge of this antediluvian astrono* 
my was preserved and transmitted, it is said that the columns on which it was registered 
have survived the deluge, and that those of Egypt are only copies which have become 
originals, now that the others have been forgotten. The Indians, also, profess to have 
many celestial observations of a very early date. The Chaldeans have been Justly cele- 
brated in all ages for their astronomical observations. When Alexander took Babylon, 
his preceptor, Callisthenes, found a series of Chaldean observations, made in that city, 
and extending back, with little interruption, through a period of 1908 years preceding 
that event. This would carry us back to at least 2284 years before the birth of ChriA^ 
or to about the time of the dispersion of mankind by the confusion of tongues. 

316. The Greeks, in all probability, derived many notions 
m regard to this science, and many facts and observations, from 
Egypt, the great fountain of ancient learning and wisdom, and 
many were the speculations and hypotheses of their philosophers. 
The first of the Greek philosophers who taught Astronomy was 
Thales, of Miletus. He flourished about 640 years before the 
Christian era. Then followed Anaximander, Anaximenes 
Anaxagoras, Pythagoras, Plato. 

Some ef the doctrines maintained by these philosophers were, that the Barth wan 
round, thai it had two motions, a diurnal motion on its axis, and an annual motioii 
around the Sun, that the Sun was a globe of fire, that the Moon received her li^^t from 
the Sun, that she was habitable, contained mountains, seas, Ac. : that her eclipses wer . 
caused by the Earth's shadow, that the planets were not designed merely to adorn uur 
heavens, that they were worlds of themselves, and that the fixed stars were centers of 
distant systems. Some of them, however, maintained that the Earth was flat, and other* 
that, though round, it was at rest in the center of the universe. 

317. When that distinguished school of philosophy was estab- 
lished at Alexandria, in Egypt, by the munificence of the sove- 
reigns to whom that portion of Alexander's empire had fallen, 
astronomy recived a new impulse. It was now, in the second 
century after Christ, that the first complete system or treatise 
of astronomy of which we have any knowledge, was formed. 
All before had been unconnected and incomplete. Ptolemy, 
with the opinions of all antiquity, and of all the philosophers 

81ft. Of the Greeks! Who first taught astronomy among themf Date? Who ii»stf 
•«at<i some of their dm trinest 817. What record of this scieoeef What of Ptat«c 
and ^ works f 
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who had preceded him, spread oat before him, composed a work 
(u thirteen books, called iheMeyaXfj ^wra^tg, or Great System. 

318. Rejecting the doctrine of Pythagoras, who taught that 
the Sun was the center of the universe, and that the Earth had 
a diurnal motion on its axis and an annual motion around the 
San, as contrary to the evidence of the senses, Ptolemy endea- 
vored to account for the celestial phenomena, by supposing the 
Earth to be the center of the universe, and all the heavenly 
bodies to revolve around it. 

He seems to have entertained an idea, in regard to the supposition, that the Earth 
revolved on its axis, similar to one which some entertain eren at tlie present day. ** If,'* 
»aj^ he, " there were any motion of the Earth common to it and ali other heavenly 
bodies, it would certainly precede them all by the excess of its mass being so great ; and 
animals and a certain portion of heavy bodies would be left behind, riding upon the air, 
and the earth itself would very soon be completely carried out of the heavens." 

319. In explaining the celestial phenomena, however, upon 
bis hypothesis, he met with a difficulty in the apparently station- 
ary attitude and retrograde motions which he saw the planets 
sometimes have. To explain this, however, he supposed the 
planets to revolve in small circles, which he called epicycles, 
which were, at the same time, carried around the Earth in 
larger circles, which he called deferents, or carrying circles. 

Id following out his theory, and applying it to the explanation of different phenomena, 
It b«(came necessary to add new epicycles, and to have recourse to other expedients, until 
the system became unwieldy, cumbrous, and complicated. This theory, although astro- 
nomical observations continued to be made, and some distinguished astronomers appeared 
fron time to time, was the prevailing theory until the middle of the 16th century. It was 
not, however, always received with implicit confidence ; nor were its difiiculties alwayt 
entirely unappreciated. 

Alphonso X., king of Castile, who flourished in the 18th century, when contemplating 
the doctrine of the epicycles, exclaimed, •* Were the universe thus constructed, if tho 
l^ity had called me to his councils at the creation of the world, I could have given him 
good advice." He did not, however, mean any impiety or irreverence, except what waa 
directed against the system of Ptolemy. 

320. About the middle of the 15th century, Copernicus, a 
iiative of Thorn in Prussia, conceiving a passionate attachment 
to the study of astronomy, quitted the profession of medicine, 
«tnd devoted himself with the most intense ardor to the study of 
this science. " His mind," it is said, " had long been imbued 
^'ith the idea that simplicity and harmony should characterize 
the arrangements of the planetary system. In the complication 
and disorder which he saw reigned in the hypothesis of Ptolemy, 
He perceived insuperable objections to its being considered as a 
representation of nature." 

S18. His system of astronomy! What singular idea and reasoning? 813. What 
dlfflculty did he meet with, and how explain it ? What further difficulty t How long 
(tid this theory t>revail? What anecdote of the King of Castile? 820. What dis- 

'Jaguisb-^ student of <istronomy now arose ? His impressions in regard to tke P*~' ' - 

^**«<»nr? Hifl own earlier convictions? What otlier th<^ries did ho •tody? 
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In the opintont of the Egyptian taffes, tn those of Pythagcra«, Philolaos, Ar!8tarcLa%, 
and Nicetas, he recogniied his own earliest conviction that the Earth was not the center 
or the unirerse. His attention was much occupied with the speculation of Martinns 
Japella, who placed the Sun between Mars and the Moon, and made Mercury and Yenm 
revolve round him as a center, and with the system of AppoUonius Pergoeus who made 
lU the planets revolve around the Sun, while the Sun anl Moon were carried around tho 
3arth in the center of the universe. 

321. The examination, however, of various hypotheses, by 
Copernicus, gradually expelled the difficulties with which the 
subject was beset, and after the labor of more than thirty years, 
he was permitted to see the true system of the universe. Tho 
Sun he considered as immovable, in the center of the system, 
while the Earth revolved around him, between the orbits of 
Venus and Mars, and produced by its rotation about its axis al 
tlie diurnal phenomena of the celestial sphere. The other planets 
he considered as revolving about the Sun, in orbits exterior to 
that of the Earth. ( See tke Relative Distamces of the Planets' 
Orbits, Map I. of the Atlas,) 

Thus, the stations and retrogradations of the planets were the necessary coriseqaence 
9f their own motions, combined with that of the Earth about the Sun. He said that " by 
long observation, he discovered that. If the motions of the planets be compared with 
that of the Earth, and be estimated according to tiie limes in which they perform their 
revolutions, not only their several appearances would follow from this hypothesis, but 
that it would so connect the older of the planets, their orbits, magnitudes, and distances, 
nnd even the apparent motion of the fixed stars, that it would be impossible to remov«> 
one of these bodies out of its place without disordering the rest, and even the whole of 
the universe also." 

322. Soon after the death of Copernicus, arose Tycho Brahe, 
born at Knudstorp, in Norway, in 1546. Such was the distinc- 
tion which he had attained as an astronomer, that when, dissa- 
tisfied with his residence in Denmark, he had resolved to remove, 
the King of Denmark, learning his intentions, detained him in 
the kingdom, by presenting him with the canonfy of Rothschild, 
with an income of 2,000 crowns per annum. He added to this 
sum a pension of 1,000 crowns, gave him the island of Huen, 
and established for him an observatory at an expense of about 
200,000 crowns. Here Tycho continued, for twenty-one years, 
to enrich astronomy with his observations. 

His observations upon the Moon were Important, and upon the planets numerous and 
precise, and have formed the .data of the present generalieations in astronomy. He, 
however, rejected the system of Copernicus; considering the Earth as immovable in the 
center of the system, while the Sun, with all the planets and comets revolving around 
him, performed his revolution around the earth, and, in the course of twenty-four hoars, 
tlie stars also revolved about the central body. This theory was not so simple as that of 
Co])ernicu8, and involved the absurdity of making the Sun, planets, Ac, revolve around 
u body comparatively insignificant. 

821. How was Copernicus led to discover the true system of astronomy f What is thai 
system ? Does it account for the stations and retrogradations of the planets f JBi 
What distinguished astronooier next arose? What said of his detention in I>«ttmaric 
Mis observatinns? His theory 
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523. Near the close of tht 15th century, arose two men, who 
irroaght most important changes in the science ; Kepler and 
Galileo, the former a German, the latter an Italian. Previous 
to Kepler, all investigations proceeded upon the supposition that 
the planets moved in circular orbits which had been a source of 
much error. This supposition Kepler showed to be false. lie 
discovered that their orbits were ellipses. The orbits of their 
secondaries or moons he also found to be the same curve. He 
next determined the dimensions of the orbits of the planets, and 
found to what their velocities in their motions through their 
orbits, and the times of their revolutions, were proportioned ; all 
truths of the greatest importance to the science. 

524. While Kepler was making these discoveries of facts, very 
essential for the explanation of many phenomena, Galileo was 
discovering wonders in the heavens never before seen by the eye 
of man. Having improved the telescope, and applied it to the 
heavens, he observed mountains and valleys upon the surface of 
our Moon ; satelUtes or secondaries were discovered revolving 
about Jupiter ; and Venus, as Copernicus had predicted, was 
seen exhibiting all the different phases of the Moon, waxing and 
waning as she does, through various forms. 

Many minute stars, not visible to the naked eye, were described in the Milky- Way ; and 
the largest fixed stars, instead of being magnified, appeared to be small brilliant points, 
an inconUrovertible argument in favor of their immense distance from us. All his dis- 
coveries served to confirm the Oopernican theory, and to show the absurdity of the 
hypothesis of Ptolemy. 

B25. Although the general arrangement and motions of the 
planetary bodies, together with the figure of their orbits, had 
been thus determined, the force of power which carries them 
around in their orbits, was as yet unknown. The discovery of 
this was reserved for the illustrious Newton, though even his 
discovery was in some respects anticipated by Copernicus, 
Kepler and Hooke. By reflecting on the nature of gravity — 
that power which causes bodies to descend toward the center of 
the earth — since it does not sensibly diminish at the greatest 
dwtance from the center of the earth to which we can attain, 
^ing as powerful on the loftiest mountains as it is in the deepest 
caverns, he was led to imagine that it might extend to the 
Moon, and that it might be the power which kept her in her 
orbit, and caused her to revolve around the Earth. He was 
'loxt led t > suppose that perhaps the same power carried the 

888. What tiro noted astronomers next arose T What did Kepler discover f S84. 
Vftli'M and 'his discoveries? What theory did they serve to establish? 826 IVba*. . 
Cl<>at dlor.'.v.iS mssi made, and by whom? How IM to it? flucc<sa8lV9 oltoiwl 
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primary pia^ its aroand the Saii. 6j a scries of calcalationg, 
he was enabled at length to establish the fact, that the same 
force which determines the fall of an apple to the Earth, carries 
the moons in their orbits around the planets, and the planets 
and comets in their orbits around the Sun. 

To recapltul&te briefly : The system (not hypothesis, for much of it has been established 
by inatuematical demonstration) by which we are now enabled to explain with a b«auti- 
fu' simplicity the different phenomena of the Sun, planets, moons, and comets, is, that 
th? Sun is the central body in the system : that the planets and comets move round him 
in elliptical orbits, whose planes are more or less inclined to each other, with Telocitiea 
bearing to each other a certain ascertained relation, and in times related to their dls> 
tant^es ; that the moons, or secondaries^ .'evolve in like manner about their primaries, 
and at the same time accompany them in their motion around the Sun ; all meanwhile 
revolving on axes of their own ; and that these revolutions in their orbits are produced 
by the mysterious power of attraction. The particular mode in which this system ia 
applied to the explanation of the different phenomena, will be exhibited as we proceed U* 
consider, one by one, the several bodies above mentioned. 

326. Those bodies, thus arranged and thus revolving, consti- 
tute what is termed the Solar Svstbm. The planets have been 
divided into two classes, Primary Planets and Secondary 
Planets. The latter are also termed Moons, and sometimes 
Satellites, The Primary Planets are those that revolve around 
the Sun as a center. The Secondary Planets are those that re- 
volve around their primaries. There have been discovered up 
to this date (1873), eight large primary planets, namely. Mercury, 
Venus, the Earth, Mars, Jupiter, Saturn, Uranus, and Neptune ; 
together with one hundred and twenty-eight very small bodies, 
called Asteroids, or Minor Planets. These small primary planets 
revolve in orbits all of which are situated between the orbits of 
Mars and Jupiter. 

Of the primary planets Mercury is the nearest to the sun, and 
the others follow in the order in which they are named above. 
The Asteroids are, with one exception, visible only through a 
telescope ; and hence are called telescopic planets, Neptune, 
though very much larger than any of the Asteroids, is also a 
telescopic planet, on account of its immense distance from us. 

There have been discovered eighteen secondary planets, or 
satellites. Of these, the earth has one, Jupiter four, Saturn 
eight, Uranus four, and Neptune one. All these, except our 
own satellite, the Moon, are invisible to the naked eye. 

Map I. of the Atlas, " exhibits a plan of the Solar System," comprising the relative 
amgaitudes of the Sun and Planets ; their comparative distances from the Sun, and frou: 
d.-vch other ; the position of their orbita, with respect to each other; the Earth and the 
Suu ; together with many other particulars which are explained on the map. There, the 

Describe the Copernican theory? 326. What do the bodies mentioned ccastitutc? 
How are the planets divided? Describe each? Wliat number of primaries? Name 
Ihem iu order from the Sun ? Which are the Asteroids ? Which telescopic ? How many 
MMudivry planets? How distributed? Are Utey vuiibU to the naked uye f What say 
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tbrri and moat prominent ot^ect which cUbni attention, Is the representation of tbo 
tSnn^s circumference, with its deep radiations, bounding the upper margin of the mapw 
H is apparent, however, that this segment is hardlj one-Biaih of the whi)le circumference 
of which it is a part. Were the map sufficiently large to admit the entire orb of the Sun, 
tren upon so diminutive a scale as there" represented, we should then see the Sun and 
Planets in their just proportions-Hhe diameter of the former being 112 times tlie diameter 
of the Earth. 

It was hitended, originally, to represent the Earth upon a scale ot one inch in diameter 
and the other bodies in that proportion ; but it was fDund that it would increase the map 
to four times its sise ; and hence it became necessary to assume a scale of ha{f an inch 
for the Earth*8 diameter, which makes that of the Sun M inches, and the otter bodies, as 
repre!«ented upon the map. 

The relative position of the Planets' orbits is also represented, on a scale as large as 
the sheet would permit. Their relative distances from the Sun as a center, and from each 
other, are there shown correctly. But had we wished to enlarge the dimensions of these 
orbits, so that they would exactly correspond with the scale to which we have drawn thu 
planets, the map must have been nearly two miles in length. ** Hence," says Sir Jolm 
Herachel, ** the idea that we can convey correct notions on this subject, by drawing circles 
on paper, is out of the question." 

To illustrate this — ^Let us suppose ourselves standing on an extended plane, or field of 
ice, and that a globe 4 feet S inches in tUameter is placed in the center of the plane, to 
represent the Sun. Having cut out of the map the dark circles representing the planets, 
we may proceed to arrange them in their respective orbits about the Sun, as follows : 

First, we should take Mercury, about the size of a small currant, and i^ace it on the 
circumference of a circle 1 W feet from the Sun ; tills circle would represent the orbit of 
Mercury, in the proper ratio of its magnitude. Next, we should take Venus, about the 
Bile of a rather small cherry, and place it on a circle 802 feet from the Sun, to represent 
the orbit of Venus. Then would come the Earth, about the sise of a cherry, revolving in 
an orbit 500 feet ffrom the Sun. After the Earth we should place Mars, about the sise of 
a cranberry, on a^ circle 762 feet from the Sun. Ne^ecting the Asteroids, some of which 
vobld not be larger than a pin's head, we should place Jupiter, hardly equal to a mode- 
rate-sized melon, on a circle at the distance of half a mile (2601 feet) from the Sun ; 
Saturn, somewhat less, on a circle nearly a mile (4768 feet) from the Sun ; Herschel, about 
the size of a peach, on the circumference of a circle nearly 2 miles (9591 feet) from the 
8un ; and last of ail Neptune, a little larger than Herschel, and on a circle of nearly 8 
mUes (15^66 feet) from the Sun. 

To imitate tt&e motions of the planets in the above-mentioned orbits. Mercury must 
describe its own diameter in 41 seconds ; Venus, in 4 minutes 14 seconds ; the Earth, in 
Tmhiutes; Mars, in 4 minutes 43 seconds; Jupiter, in 2 hours 56 minutes; Saturn, ic 
8 hours 18 minutes ; Herschel, in 12 hours 16 minutes ; and Neptune, in 23 honrs 25 min. 

Many other interesting sutijects are embraced in Map L ; but they are either explained 
on the map, or in the following chapters, to which they respectively relate. 



CHAPTER II. 

THE Sin^— HIS DISTANCE, MAGNITUDE, &a 

32 1. The Sun is a vast globe, in the center of the solar sys* 
•era, dispensing light and heat to all the planets, and governing 
afl their motions. It is the great parent of vegetable life, giv- 
ing warmth to the seasons, and color to the landscape. Its rays 
are the cause of various phenomena on the surface of the jarth 
and in the atmosphere. By their agency, all winds are pro- 
of Map I. ? Its scale f Remn.rk of Dr. Hcruchel f What illustrations of the 8«>Ur SystOD 
does he famish ? 8(i'7. Sucu^ct cf Chapter II. f Describe the Shnf 
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dueed, and the waters of the sea are made to circnlate in vajjor 
through the air, and irrigate the land, prodacing springs and rivers. 

328. The San is by far the largest of the heavenly bodies 
whose dimensions have been definitely ascertained. Its diameter 
is about 853,000 miles. Consequently, it contains a volume 
nearly equal to thirteen hundred thousand globes of the size of 
the Earths Of a body so vast in its dimensions, the human mind, 
with all its efforts, can form no adequate conception. 

TSB 8UV AMD TRB Mooii*8 oitBiT. Were the 8uii A hollow sphere, perforated vlth 

^ _ a thouBand openings to admit the twinkling of 

.---^^=5^ ^-^--u the luminous atmosphere around it — and were a 

giobo as large as the Earth placed at its center, 
witli a satellite as large as oar Moon, and at the 
same distance from it as she is from the earth, 
there would be present to the eye of a spectator 
on the interior globe, a uniyerse as splendid as 
that which now appears to the uninstructed eye 
—a universe as large and extensive as the 
whole creation was conceived to be in the 
infancy of astronomy. 

The mean distance of the Moon from the 
Earth is 239,000 miles, consequently the average 
diameter of her orbit is 478,000 miles ; and yet, 
were the Sun to taicc the place of the Earth, he 
would fill the whole orbit of the Bloon, and 
extend 187,000 mUes beyond it in every direc* 
tion I To pass from side to side through his 
cenler, at railroad speed (80 miles an hour), 
would require nearly three and a half years, 
and to traverse his vast circumference nearly eleven years. 

Here let the student refer to Map I., where the Relative Magnitudes of the Sun and 
Fianets are exhibited. Let him compare the segment of the Sun's circumference, at 
there represented, with the entire circumference of the Earth. They are both drawn upou 
the same scale. The segment of the Sun*s circumference, since it is almost a straight 
line, must be a very small part of what the whole circumferenoe would be, were it repre> 
sented entire. Let the student understand this diagram, and he will be in some measor? 
able to conceive how lilce a mere point the Earth is, compared with the Sun, and to form 
in his mind some image of the vast magnitude of the latter. 

329. The next thing which fills the mind with wonder, is the 
distance at which so great a body must be placed, to occupy, 
apparently, so small a space in the firmament. The Sun's mean 
distance from the Earth is between eleven and twelve thousand 
times the Earth's diameter, or 91,500,000 miles. We may 
derive some faint conception of such a distance, by considering 
that the swiftest steamboats, which ply our waters at the rate 
of 200 miles a day, would not traverse it in thirteen hundred 
years ; and, that a cannon ball, flying night and day, at the 
rate of 16 miles a minute, would not reach it in eleven years, 

330. The Sun, when viewed through a telescope, presents the 
appearance of an enormous globe of fire, frequently in a state of 
violent agitation or ebullition ; dark spots of irregular form, 

A!ib. ms magnitude? Diameter? Compared with the Earth ? What illustratiOB glvcnJ 
Wh^t referettxoe to the Map^ 389. Pistance of the Son? What ilioatraUMi givesl 
880 How does the Sun appear through a tt:iotfoo(M: f Di^tscribe thu»e rpota? 
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rarely visible to the naked eye, frequently pass over bis disc, 
from east to west, in the period of nearly fourteen days. 

Th»«e spots are usually surrounded by a 
penoinhra, or less deeply shaded border, 
and that, by a margin uf light more bril- 
liant that that of tlie Sun. A spot when 
first seen on the eastern edge of the Sun, 
appears like a line which progressirely ex- 
tenda in breadth, and increases its appa- 
rent velocity, till it reaches the middle, 
when a begins to contract, and to more 
less rapidly, till it ultimately disappears at 
the western edge. In some rare instances, 
the same spots re-appear on the east side, 
and are permanent for two or three revo- 
hitions. But, as a general thing, the spots 
on the Sun are neither permanent nor uni- 
form. Sometimes several small ones unite 
into a large one ; and, again, a large one 
separates into numerous small ones. Some 
continue several days, weeks, and even 
months, together; while others appear and 
disappear, in the course of a few hours. 
Those spots that are formed gradually, are, 
for the most part, as gradually dissolved ; 
whilst those that are sukldeoly formed, generally vanish as quiekly. 

331. It is the general opinion, that - spots on the Sun were 
first discovered by Galileo, in the beginning of the year 1611 ; 
though Soheiner, Harriot, and Fabricius, observed them about 
the same time. During a period of 18 years from this time, the 
Sun was never found entirely clear of spots, excepting a few 
days in December, 1624 : at other times, there were frequently 
seen twenty or thirty at a time, and in 1625, upwards of fifty 
were seen at once. From 1650 to 1670, scarcely any spots were 
to be seen ; and, from 1676 to 1684, the ort) of the Sun pre- 
sented an unspotted disc. Since the beginning of the eighteenth 
century, scarcely a year has passed, in which spots have not 
been visible, and frequently in great number?*. In 1799, Dr 
Herschel observed one nearly 30,000 miles in breadth. 

A single second of angular measure, on the Son's disc, as seen flrom the Earth, corre- 
sponds to 460 miles ; and a circle of this diameter (containing therefore nearly 900,000 
square miles) is the least space which can be distinctly discerned on the Sun as a vMhU 
areUj even by the most powerful glasses. Spots have been observed, however, whose 
linear diameter has been more than 44,000 miles ; and, if some records are to be trusted, 
of even still greater extent. 

Dr. Dick, in a letter to the author, says: "I have for many years examined the soiar 
spots with considerable minuteness, and have several times seen spots which were not 
less than the one twenty-fifth part of the Sun's diameter, which would make them about 
'!8,192 miles in diameter, yet they were visjble neither to the naked eye, nor through an 
0pera glass magnifying about three times. And, therefore, if any spots have been visi- 
ble to the naked eye — which we must believe, unless we refuse respectable testimony — 
tliey could not have been much less than 50,000 miles in diameter.** 



881 Who first saw them? When? How was it for the next 18 years ? How in 1896? 
From 16S0 to 1670? From 1676 to 1684? How since the beginning of the eighteentli 
iwturyf I>r> Herschers measurements? Dr. Dick's remarks and oonclusloof 
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, 332. The apparent direction of these spots over the Sun's diso 
is continually varying. Sometimes they seem to move across it 
in straight lines, at others in curve lines. Sometimes the spots 
seem to move upward, as they cross from east to west, while at 
other times they incline downward, while the curve lines are 
sometimes convex towards one pole of the Sun, and sometimes 
towards the other. 

333. All these phenomena are owing to the fact that the axis 
of the Sun is inclined to the ecliptic, so that viewing him frcnn 
different points in the Earth's orbit, the apparent direction of 
the spots must necessarily vary. The following diagrams may 
serve to illustrate : 



or Tu souLE irois. 




September. 

Let I F represent the plane of the ecliptic. In Marclji, the ipots describe a cnrra, 
which is convex to tb b souths as shown at A. In Jnne, they cross the Sun*s disc in nearlf 
straight lines, bat incline apward. In September, they ourre again, though in the oppo- 
site direction ; and in December, pass over in straight lines, inclining downvxu^ Tb« 
figures B and D show the inclination of the Sun*s axis. 

The following diagram will servo still further to illustrate the 
cause of the change of direction of the solar spots. 



BOLim BF0T8 0B8BRTBD FBOM UrmBRT POORI. 




DEO. 



X 



f .«i the student imagine himself stationed upon the earth at A, In March, looking apoa 
l*>s sun ic the center, whose north or upper pole is now inclined tov>ard Mm, The ipott 
«ill then cures cu/v/ tward. Three months afterward— ris., in June— the earth will ba 



833 In what general direction do these spots move f What variatioiui t 
Is tliu oaum of tlicso varying phenomena ? 



. What 
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at B ; when the sun's axis will incline to Vu Ufi^ and the spots sectn to pass upward t9 
the right. In three montlis longer, the observer will l>c at C, wiien the north pole of the 
sun will Incline/ram iiim^ and the spots seeui to eum« upward: and In three months 
longer, he will be at D, when the axid of the sun will incline to tks righi^ and the spots 
seem to incline downward. 

334. From the regularity with which these spots revolve, it 
is coucluded, with good reason, that they adhere to tlie surface 
of the Sua and revolve with it. They are all found within 30" 
of his equator, or within a zone 60 in width. 

335. The apparent revolution of a spot, from any particular 
point of the Sun's disc, to the same point again, is accomplished 
in 27 days, 7 hours, 26 minutes, and 24 seconds ; but during 

nat time, the spot has, in fact, gone through one revolution, 
together with an arc, equal to that described by the Earth in 
uer orbit in the same time ; which reducest he time of the Sun's 
actual rotation on his axis, to 25 days, 9 hours, and 36 minutes. 

Let S represent the sun, and A hipkbiai. asd btvoimo ssroumon or ram suv. 
the earth in her orbit. When she 
is at A, a spot is seen upon the ^ 

uisc of tlie sun at B. The siin re- ^ 
Tolves in the direction of the ar- * 



rows, and In 26 days 10 hours the T^^ '** .*'Drj»f 

spot comes round to^B again, or / .^25^. 




opposite the Star E. TUsisa«<(l«- \u '.V.^. 

real revolution. • f 

During these 25 days 8 hours, • I 

the earth has passed on in her :^ .nll^v-" 

orbit some 25', or nearly, to C, : vtkOOi^ 1;* Jr.-— **** 

which will require nearly two days *• .??:.•- 

for the spot at B to get directly |g^ - 

toward the earth, as shown at D. %^C 

This last is bl synodic revolution. 

It consists of one complete revolu- ^ 

tion of the sun upon his axis, and 

about 27* over 

336. The part of the Sun's disc not occupied by spots, is far 
from being uniformly bright. Its grmi'nd is finely mottled with 
an appearance of minute dark dots, or spares, which, attentively 
watched for several days in succession, are found to be in a con- 
stant state of change. 

What the physical organization of the Sun may be, is a ques- 
tion which astronomy, in its present state, cannot solve. It 
seems, however, to be surrounded by an ocean of inexhaustible 
fiame, with dark spots of enormous size, now and then floating 
upon its surface. From these phenomena, Sir W. Herschel sup- 
posed the Sun to be a solid, dark body, surrounded by a vast 

884. Are these spots supposed to adhere to the body of the Sun ? On what part of thu 
Sun arc they found ? 885. What is their time of apparent revolution ? The acttuil 
tim)? How arrived at? 836. What s^id of the part of the Sui about his poles? Of 
hjs fihysicai organisation? What ioes it s^iim to be* How did Sir W. HcrscJuJ 
r«'B-»-d it? 
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atmosphere, almost always filled with luminous clouds, occasion- 
ally opening and disclosing the dark mass within. 

337. The speculations of Laplace were different. He im- 
agined the solar orb to be a mass of fire, and the yiolent effer- 
vescences and explosions seen on its surface, to be occasioned by 
the eruption of elastic fluids, formed in its interior, and the spots 
to be enormous caverns, like the craters of our volcanoes. 
Others have conjectured that these spots are the tops of solar 
mountains, which are sometimes left uncovered by the luminous 
fluid in which they are immersed. 

338. Among all the conflicting theories that have been 
advanced, respecting the physical constitution of the Sun, there 
is none entirely free from objection. The prevailing one seems 
to be, that the lucid matter of the Sun is neither a liquid sub- 
stance, nor an elastic fluid, but that it consists of luminous 
clouds, floating in the Sun's atmosphere, which extends to a 
great distance, and that these dark spots are the opaque body 
of the Sun, seen through the openings in his atmosphere. Her- 
schel supposes that the density of the luminous clouds need not 
be greater than that of our Aurora Borealis, to produce the 
effects with which we are acquainted. 

339. The similarity of the Sun to the other globes of Me sys- 
tem, in its s ipposed solidity, atmosphere, surface divert Jed with 
mountains and valleys, and rotation upon its axis, has ^ed to the 
conjecture that it is inhabited, like the planets, by beings whose 
organs are adapted to their peculiar circumstances. Such was 
the opinion of the late Dr. Herschel, who observed it unremit- 
tingly, with the most powerful telescopes, for a period of fifteen 
years. Such, too, was the opinion of Dr. Elliot, who attributes 
to it the most delightful scenery ; and, as the light of the Sun 
is eternal, so, he imagined, were its seasons. Hence he infers 
that this luminary offers one of the most blissful habitatioas for 
intelligent beings of which we can conceive. 

887. liapI«oe's speculations f What other opinions f 88S. Is there a tatUlhetoiy 
theory of the physical nature of the Sun? State the preraiUnc cnef Henohti's nntc- 
litlon? 889. What coi\Jecture in regard to the inhabitanti of the Boa, and vi^a 
•«bat ft ooded t Who held to this idea f 
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CHAPIER III. 

THE PRIMARY PLANETS— MERCURY AND VKNU8. 

840. Mercury is the nearest planet to the San that has ret 
been discovered ^ and with the exception oi the asteroids, is the 
smallest. Its diameter is about 6,000 miles. Its bulk, therefore, 
is about twenty times less than that of the Earth. It would 
require more than twenty millions of such globes to compose a 
body equal to the Sun. 

Hatc the ttodent shoold refer to the diagrams, exhihitlng the feUtire mafnitudes and 
distances of the Sun and Planets, Map L And whenerer this su^ect recurs in the course 
of this work, the student should v^rnr to the flirures of thU Map, until he is able to form 
In his mind distinct conceptions of tne reiatire magnitudes and distances of all tlie 
planets. The Sun and planets being spheres, or neany so, their reiatire bulks are esti- 
mated bjr comparing the cubes of their diameters: thus, the diameter of Mercury being 
f ,9S3 mOes, and that of the Barth 7,919 1 their bulks are as the cube of 2,96f, to the cube 
of T,913, or as 1 to 20, nearly. 

341. Mercury revolves on its axis from west to east in 24 
hours, 5 minutes, and 28 seconds ; which makes its day about 
10 minutes longer than ours. It performs its revolution about 
the sun in a few minutes less than 88 days, and at a mean dis- 
tance of about 35,000,000 of miles. The length of Mercury's 
year, therefore, is equal to about three of our months. 

The rotation of a jrianet on Its axis, coaatltatet Ha day; Ita rerolntion about the Sua 
.onstiuites its year. 

342. Owing to the dazzling brightness of Merjury, the swift- 
ness of its motion, and its nearness to the Sun, astronomers 
have made but comparatively few discoveries respecting it. 
When viewed through a telescope of considerable magnifying 
power, it exhibits at different periods all the various phases of 
the Moon ; except that it never appears quite full, because its 
itnlightened hemisphere is never turned directly towards the 
Earth, only when it is behind the Sun, or so near to it as to be 
bidden by the splendor of its beams. Its enlightened hemisphere 
being thus always turned towards the Sun, and the opposite one 
being always dark, prove that it is an opaque body, similar to 
the Earth, shining only in the light which it receives from the 
Sun. 

343. Mercury is not only the most dense of all the planets, 
but receives from the Sun six and a half times as much light and 

S40. Sutifect of Chapter ni.f Siie and position of Mercury? What map illustratea 
this sot^ectf 841. State the time of Mercury's rerolution upon his azisf How does 
th'.n compare with the Barth ? His period of rerolution around the Sun ? 842. What 
euid of discoreries upon Ilercury, his phases, Ac. t What proof that he is opaque f 
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heat as the Earth. The truth of this estimate, of course^ 
depends apon the supposition that the intensity of solar light and 
heat at the planets, varies inversely as the squares of their dis- 
tances from the Sun. 




In this diagram the light It seen passing in right lines^ from the sun on the left toward 
the several planets ou ttie right. It is also shown that the surfaces A, B, and C receive 
equal quantities of light, though B is four times, and C nine times as large as A ; and ad 
the light falling upon A is spread over four times as much surface at B, and nine times as 
much at G, it follows that it is onlv one-ninth as intense at 0, and one-fourth at B, as it 
is at A. Hence the rule, that the light and heat of the pUuMt i«, iwoerBeilyy a« the aqtui re* 
of their reftpectiee diftanoet. 

The student may not exactly understatid this last statement. The square of any num- 
ber is its product, when multiplied by itself. Now suppose we call the distances A, B, 
and G» 1, 2, and 8 miles. Then the square of 1 is 1 ; the square of 2 is 4; and the square 
of 8 is tf. The light and heat, then, would be in ineerse proportion at these three imints, 
as 1, 4, and 9 : that is, four times less at B than at A, and nine times less at 0. The^e 
amounts we sliould state as 1, !4, and one-ninth. 

344. This law of analogy, did it exist with rigorous identity 
at all the planets, would be no argument against their being 
inhabited ; because we are bound to presume that the All-wise 
Creator has attempered every dwelling-place in his empire to the 
physical constitution of the beings which he has placed in it. 

From a variety of facts which have been observed in relation to the production of 
tvUoriCy it does not appear probable, that the degree of heat on the surface of the dUTer- 
ent planets depends on their respective distances from the Sun. It is more probable, that 
it depends chiefly on the distribution of the sub^ance of caloric on the surfaces, and 
throughout the atmospheres of these bodies, in different quantities, according to the dif- 
ferent situations which they occupy in the solar system ; and that these different qnan 
titles of caloric are put into action by the influence of the solar rays, so as to produce 
that degree of setisiole heat requisite to the wants, and to the greatest benefit of each of 
the planets. On this hypothesis, which is corroborated by a great variety of facts and 
experiments, there may be no more sensible heat experienced on the planet Mercui^, 
than on the surface of Uerschel, which is fifty times farther removed from the Sun. 

345. The rotation of Mercury on its axis, was determined 
from the daily position of its horns, by M. Schroeter, who not 
only discovered spots upon its surface, but several mountains in 
its southern hemisphere, one of which was lOf miles high — 
nearly three times as high as Chimborazo, in South America. 

848. His density, and light and heat? Upon what rule Is this estimate bated t 844. 
Would not this law of analogy make against the doctrine that the planets are Inhab* 
f ted ? Is it probable that this law does prevail ? Upon what may the relative heat of the 
planets depend f 845. How was his diurnal revolution determined, and by whom! 
What said of his surface? What observation respecting mountahis in general? 
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It it vorUiy nf observation, that the highest monntains which have been discorered ii« 
Nereary, Ten as, the Moon, and perhaps we may add the Earth, are all sitoated In theti 
Boatbem hemispheres. 

346. Daring a few days in March and April, August and Sep- 
tember, Mercary may be seen for several minutes, in the morn- 
ing or evening twilight, when its greatest elongations happen in 
those months ; in all other parts of its orbit, it is too near the 
Sun to be seen by the naked eye. The greatest distance that it 
ever departs from the Sun, on either side, varies from le"" 12', 
to 28° 20', alternately. 

The distance of a planet from the Sun, as seen from the Earth 
(measured in degrees), is called its elongation. The greatest 
absolute distance of a planet from the Sun is denominated its 
aphelion, and the least its perihelion. 

347. The revolution of Mercury about the Sun, like that of 
all the planets, is performed from west to east, in an orbit which 
is nearly circular. Its apparent motion, as seen from the Earth, 
is, alternately, from west to east, and from east to west, nearly 
in straight lines ; sometimes directly across the disc of the Sun, 
hut at all other times either a little above or a little below it. 

Were the orbits of Mercury and Venus in the same plane with that of the Earth, they 
would cross the Sun*8 disc at erery revolution ; but as one-half of each of their orbits is 
Pbove, and the other half beloto the ecliptic, they generally appear to pass either above 
or below the Sun. 

B 5 

._.——— •••'-••iivrjri ,^^^^ 

I«t the right line A, Joining the Earth and the Son in the above diagram, represen 
ttie plane of the ecliptic. Now when an interior planet is in this plane, as shown at A, 
it may appear to be upon the Sun*s disc ; but if it is either above or below the ecliptic, 
as sitown at B a&d C, it will appear to pass either above or below the Sun, as shown at 
Dand B. 

for the relative position of the planets' orbits, an 1 their inclination to the plane of the 
ecliptic, see 1, of the Atlas. Here the dotted lines continued ft*om the dark lines, 
denoce the inclination of the orbits to the plane of the ecliptic, wiiich inclination is 
xuarlced in figures on them. Let the student fancy as many circular pieces of pH|>er 
intersecting each other at the several angles of inclination marked on the Map, and be 
^1 be enabled to understand more easily what is meant by the ** inclination of the 
pUnets* orbits." 

348. Being commonly immersed in the Sun's rays in the even- 
ing, and thus continuing invisible till it emerges from them in 
the morning, Mercury appeared to the ancients like two distinct 
stars. A long series of observations was requisite, before they 

S46. When may Mercury be seen? Why not at other times? How far does it depart 
Irom the Sun 9n either side? What is meant by the elongation of a planet ? Its apha- 
ifon and penhelUm f 847. In what direction do the planets revolve around the Su;i f 
Wliat is the apparent motion of Mercury? Do they ever cross the Sun'sdiscf WbJ 
Bel at every rsvoiution? 848. How wan Mercury rcgcrdud by tlio ancients f 
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recognir^ the identity of the star which was seen to recede 
from the Sun in the morning with that which approached it ic 
the evening. Bat as the one was never seen nntil the other 
disappeared, both were at last found to be the same planet, which 
tbns oscillated on each side of the Snn. 

349. Mercury's oscillation from west to east, cr from east to 
west, is really accomplished in just half the time of its revolution^ 
which is about 44 days ; but as the Earth, in the mean time, 
follows the Sun in the same direction, the apparent elongations 
will be prolonged to between 55 and 65 days. 

360. The passage of Mercury or Venus directly between the 
Earth and the Sun, and apparently over this disc, is called a 
Transi'. A transit can never occur except when the interior 
planet is in or very near the ecliptic. The Earth and the planet 
must be on the same side of the ecliptic ; the planet being at 
one of its nodes, and the Earth on the line of its nodes. 




This cut represents the ecliptic and zodiac, with the orbit of an interior i^anet, hli 
nodes, Ac. The line of his nodes is, as shown, in the 16* of » and the 16* of ni. Now if 
the earth is in s , on the line L N, as shown in the cut, when Mercury is at his ascending 
node (Q), he will seem to pass uptoard over the Sun's face, like a dark spot, as repre- 
sented in the figure. On the other hand, if Mercury is at hia deacendinff node (0), 
when the earth is in the 16* of HI, the former will seem to pass €U)tomcard across th« 
disc of the Sun. 

351. As the nodes of his orbit are on opposite sides of the 
ecliptic, and are passed by the Earth in May and November, it 
follows that all transits of Mercury must occur in one or the 
other of these months. They are, therefore, called the Node 
months. As is shown in the diagram, the Earth passes the 

849. In what time is the oscillation of Mercury from east to west really acoompUshedf 
Wh.1t is the aipparent time, and why f 350. What is a trantU t When do they uccttr \ 
What ar« the tio(2ri« of a planet*s orbit? The Hne of the nodes MO. Wh*l am th« 
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ascending Node of Mercury in November, and the descending iti 
May ; the former of which is in the 16th degree of Taurus, and 
the latter in the 16th degree of Scorpio. 

AU the translta ofMercarjr ever notlcMl hare occurred in one or the other of thaw 
months, and for the reason already assigned. The first erer olMenred took place Novem- 
ber 6, 1681 ; since ^hich time there hare been 19 others by the same pUnet--ln all 80* 
9 m May, and 28 in Norember. 

352. The last tranhit of Mercury occurred November 11, 1861 ; 
and the next will take place November 4, 1868. Besides this, 
there will be four more during the present century — two in May, 
•nd two in November. 

The accompanyinf cat is a do- 
lineation of all the transits of Mer« 
cury from 1802 to the close of the 
present century. The dark line 
ranning east and west across the 
Son's center represents the plane 
otihe ecliptic, and the dotted lines 
the apparent paths of Mercury in 
the several transits. The planet 
is shown at its nearest point to the 
Son*! center. Its path in the last 
transit and in the next will easily 
DC found. 

The last transit of Mercury was 
observed in this country by Pro- 
fessor Mitchel, at the Cincinnati 
Observatory, and by many others 
both in America and in Europe. 
The editor had made all necessary 
preparation for observing the phe- 
nomenon at his residence, near 
Oswego, New York; but, unfor- 
tunatelv, his sky was overhung 
with clowU^ which hid the sun 
from his view, and disappointed all 
his hopes. 




SOUTH 



353. By comparing the mean motion of any of the planets 
with the mean motion of the Earth, we may readily determine 
the periods in which they will return to the same points of their 
orbit, and the same positions with respect to the Sun. The 
knowledge of these periods will enable us to determine the hour 
when the planets rise, set, imd pass the meridian, and in general 
all the phenomena dependent upon the relative position of the 
Earth, the planet and the Sun ; for at the end of one of these 
periods they commence again, and all recur in the same order. 

We have only to find a number of sidereal years, in which the planet complctei 
exactly, or very nearly, a certain number of revolutions ; that is, to find such a number 
tt planetary revolutions, as, when taken together, shall be exactly equal to one, or any 
imnber of revolutions of the Earth. In the case of Mercury this ratio will be as 87.969 
s to 365.266. Whence find that. 



»ode inonth9 of a planet? The node months of Mercury? 892. When did the labt 
transit of Mercury occur? When will the next take place? What ethers during the 
present century ? What said of the last transit of Mercury ? 858. How may we deter 
*oii&ft when tri^nsiNt will occur f What ratio is found between the rerolutions of Merciir} 
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f ptrlbdical reroluUons of the Karth are equal to 29 of Mercury . 
It periodical rerolutions of the Earth are equal to M of Mercury : 
S8 periodical reroluttoat of the Earth arc equal to 187 of Mercury : 
46 periodical rerolutiont of the Earth are equal to 191 of Mercury. 
Therefore, transiu of Mercury, at the tame node, may happen al interralf of 7, IS, 88, 4t 
kc. years. Transits of Venus, as well as eclipses of the Sun and Moon, are calculated 
u|H>n the same principle. 

The following is a list of all the Transits of Mercury firom the time the first was obserT<Ml 
hy Oassendi, Norember 6, 1881, to the end of the present century : 
1681 Nov. 6. 
1644 Nor. 6. 
1651 Nor. S. 
1661 May 8. 
1664 Nor. 4. 
1674 May 6. 
16n Nor. 7. 
.1690 Nov. 9. 
1697 Nor. 2. 

354. The sidereal revolution of a planet respects its absolute 
motion ; and is measured by the time the planet takes to revolve 
from any fixed star to the same star again. The synodical revo- 
lution of a planet respects its relative motion ; and is measured 
by the time that a planet occupies in coming back to the same 
position with respect to the Earth and the Sun. 

■IPWtil, AJn» ITKODIO ftirOLOTIOMS. 



1707 May 5. 


1776 Nor. 2. 


1885 Nor. 7. 


1710 Nor. 6. 


1782 Nor. 12. 


1845 May 8 


1728 Nor. 9. 


1786 May 8. 


1848 Nor. 9. 


1736 Nor. 10. 


1789 Nor. 6. 


1861 Nor. 11. 


1740 Nor. 2. 


1799 May 7. 


1868 Nor. 4. 


1748 Nor. 4. 


1802 Nor. 8. 


1873 May 6. 


1758 May 5. 


1S15 Nor. 11. 


1881 Nor. 7. 


1756 Nor. 6. 


1822 Nor. 4. 


^ 1891 May 9. 


1769 Nor. 9. 


1882 May ». 


1894 Nor. 10. 



/ 
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In the a4ioininf cut the rerolution of 
the Earth from A, opposite the star B 
around to the same point again, would be 
a sidereal rerolution. 

Suppose the Earth and Mercury to start 
togetlier from the points A C (where Mer- 
cury would be in Inferior conjunction with 
the Sun), and to proceed in the directioo 
of the arrows. In 88 days Mercury woald 
come around to the same point again; 
but as the Earth requires more than four 
times that number of days for a rerolu- 
tion, she will only have reached the point 
D when Mercury arrires at C again ; sc 
that they will not be in conjunction, and i 
synodic revolution will not be completed 
by Mercury. He starts on, however, in 
hU second round, and constantly gaining 
upon the Earth, till in 27 days fk-om the 
time he left C the second time, he over- 
takes the Earth at E and F, and is again in 
inferior conjunction. 
Brom this illustration, it will be seen that the synodic revolution of a planet must 
always require more time than the sidereal. 

366. The absolute motion of Mercury In its orbit is 105,330 
miles an hour ; that of the Earth is 66,533 miles ; the differ- 
ence, 39,797 miles, is the mean relative motion of Mercury, with 
respect to the Earth. 

The sidereal revolution of Mercury is 87d. 28h. 15m. 44s. Its synodical rerolutlcn li 

hnd the Earth t 854. What is a sidereal revolution of a planet? A tynodifiolt 
8C5. What is the absolute motion of Mercury in his orbit? What is that of the Earth} 
The difference, or relaiice motion of Mercury? What is his tider^MU p«riod? Hu 
if^ncdU f II iW ia the latter ascertained ? 
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found by dividing the whc 4e circomference of 860* by its relatite motion in respect to the 
Earth. Thns, the mean daily motion of Mercury is UlS'i'.fM; that of the Earth is 
S548'^18; and their difference is 11184* .287, being Mercury's relative motion, or what if 
fains on the Earth every day. Now by simple proportion, 11184'.287 is to 1 djgTi M MO* 
is to 115d. 21h. 8', 24*, the period of a synodical revolaUon of Mercury. 



VENUS. 

356. There are but few persons who have not observed n 
beantifai star in the west, a little after sunset, call the evening 
star. This star is Venus. It is the second planet from the 
San. It is the brightest star in the firmament, and on this 
account easily distinguished from the other planets. 

If we observe this planet for several days, we shall find that 
it does not remain constantly at the same distance from the Sun, 
but that it appears to approach, or recede from him, at the rate 
of about three-fifths of a degree every day ; and that it is some- 
times on the east side of him, and sometimes on the west, thus 
continually oscillating backwards and forwards between certain 
limits. 

35t. As Venus never departs quite 48** from the Sun, it is 
never seen at midnight, nor in opposition to that luminary ; 
being visible only about three hours after sunset, and as long 
before sunrise, according as its right ascension is greater or less 
than that of the Sun. At first, we behold it only a few minutes 
after sunset ; the next evening we hardly discover any sensible 
change in its position ; but after a few days, we perceive thai 
it has fallen considerably behind the Sun, and that it continues 
to depart farther and farther from him, setting later and later 
every evening, until the distance between it and the Sun is 
eqnal to a little more than half the space from the horizon to the 
zenith, or about 46°. It 3iow begins to return toward the Sun, 
makmg the same daily progress that it did in separating from 
him, and to set earlier and earlier every succeeding evening, 
nntil it finally sets with the Sun, and is lost in the splendor of 
his light. 

358. A. few days after the phenomena we have now described, 
we perceive, in the morning, near the eastern horizon, a bright 
star which was not visible before. This also is Venus, which is 
now called the morning star. It departs farther and farther 
from the Sun, rising a little earlier every day, until it is seen 

8S6. Describe Venus. What called? Distance from the Sun? What change of posi- 
tion observable ? 857. Greatest distance to which she departs from tho Sun ? What 
soQsequence? Uow and when seen? 858. What next after these phenomena? 
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about 46** west of him, where it appears stationary for a few 
days ; then it resames its coarse towards the Sun, appearing 
later and later every morning, nntii it rises with the Sun, and 
wo cease to behold it. In a few days, the evening star again 
appears in the west, very near the setting san, and the same 
phenomena are again exhibited. Such are the visible appear- 
ances of Venus. 

359. Venus revolves about the Sun from west to east in 224J 
days, at the distance of about 66,000,000 of miles, moving in her 
orbit at the rate of 77,000 miles an hour. She turns around on 
her axis once in 23 hours, 21 minutes, and 7 seconds. Thus her 
day is about 25 mitmtes shorter than ours, while her year is 
equal to 7| of our months, or 32 weeks. 

360. The mean distance of the Earth from the Sun is esti- 
mated at 91,500,000 miles, and that of Venus being 66,000,000, 
the diameter of the Sun, as seen from Venus, will be to his dia- 
meter as seen from the Earth, as 91^ to 66, and the surface of 
his disc as the square of 91^ to the square of 66, that is, as 
8372 to 4356, or as 2 to 1, nearly. The intensity of light and 
heat being inversely as the square of their distances from the 
Sun (No. 342), Venus receives twice as much light and heat as 
the Earth. 

361. The orbit of Venus is within the orbit of the Earth ; 
for if it were not, she would be seen as often in opposition to the 
Sun, as in conjunction with him ; but she was never seen rising 
in the east whUe the Sun was setting in the west. Nor was she 
ever seen in quadrature, or on the meridian, when the Sun was 
either rising or setting. Mercury's greatest elongation being 
about 23° from the Sun, and that of Venus about 46**, the orbit 
of Venus must be outside of the orbit of Mercury. 

362. The diameter of Venus is about 7.600 miles ; but her 
apparent diameter and brightness are constantly varying, accord, 
ing to her distance from the Earth. When Venus and the 
Earth are on the same side of the Sun, her distance from the 
Earth is only 26,000,000 of miles ; when they are on opposite 
sides of the Sun, her distance is 158,000,000 of miles. Were 
the ^Thole of her enlightened hemisphere turned towards us. 
when she is nearest, she would exhibit a light and brilliaDcy 

880. What is Venus* sidereal period? Distance from the Sun? Rate of motion 
Time of rotation upon her axis? How, then, do her day and year compare with ours? 
B60. How must the Sun appear from Venus, and why? What of her light and heatf 
Ml. Where 3 the orhit of Venus situated ? What proof of this ? 868. Venus* " 
Ur ? Il3r apjHjrent diameter ? State her least and greatest distances fk>om the 
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twenty-five times greater than she generally does, and appear 
like a smaU brilliant moon ; but, at that time, her dark hemi- 
sphere is tamed towards the Earth. 

When Tenns approaches nearest to the Earth, her appareni^ or observed diameter U 
$l'A\ when most remote, it is only 9' .6; now 6r.2-4-^'.6=6H< hence when nearest the 
Earth her apparent diameter is 6% times greater than when roost distant, and surface 
of her disc ityi*/^ or nearly 41 times greater. In this work, the apparent siae of the 
heaveniy bodies is estimated from the apparent surface of their discs, which is always 
tNToportional to the squares of their apparent diameters. 

363. Mercury and Venos are called Interior planets, because 
their orbits are within the Earth's orbit, or between it and the 
Sun. The other planets are denominated Exterior, because their 
orbits are without or beyond the orbit of the Earth. (Map I.) 
As the orbits of Mercury and Venus lie within the Earth's orbit, 
it is plain, that once in every sy nodical revolution, each of these 
planets will be in conjunction on the same side of the Sun. In 
the former case, the planet is said to be in its inferior conjunc- 
iion, Bud in the latter case, in its superior conjunction ; as in the 
following figure. 



MARS IN CCNJUHCTION 




MARS IN OPPOSITION 



Let the student imagine him- 
self stationed upon the earth in 
the cut Then the sun and three 
planets above are in conjunO' 
Hon. The inferior and ttupe- 
rior are distinguished ; while at 
A, a planet is shown in quadra- 
ture^ and at the bottom of the 
cut the planet Mars in oppoH- 
tion with the sun and interior 
planet. 

The period of Venus* synodi 
cal revolution is found in the 
same manner as that of Mer« 
cury; namely, by dividing the 
whole circumference of her orbit 
by her mean relative motion in 
a day. Thus, Venus' ahwlute 
mean daily motion is 1* 36' 7'.3, 
the Earth's is 59' 8' .8, and theh 
difference lb 86' tVA. Divide 
860' by 86' fi9'.5, and it gives 
588.930, or nearly 584 days for 
Venus' syhodical revolution, or» 
the period in which she ia 
twice in conjunction with the 
Earth. 



864 "When Venus' right ascension is less than that of the 
Sun, she rises before him ; when greater, she appears after his 
setting. She continues alternately morning and evening star, 
tor a period of 292 days, each time. 

How would she appear if we saw her enlightened side when nearest to as? What com« 
potation in the fine print? 868. How are Mercury and Venus distinguished, and why f 
what said of conjunctions t Describe the inferior and superior T How is the period of 
Venna' gynodical revolution found? 864. When U Venus evening star? Mor»*iv* 
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To thoM tIk/ ar« but little acquainted with astronomy, it Mil seem strange, at first, 
that Venus nhould apparently continue louder on the east ur west side of the Sun, thao 
the whole time of her |>eriodical revolution around him. But it will be easily understotid, 
when it is considered, that widle Venus moves around the s^un, at the rate of about 1* 8G' 
of angular motion per day, the Earth follows at the rate of 59' ; so that Venus actually 
gains on the Earth, only 87' in a duy. 

Now it is exidcnt that both planetj will appear to keep on the same side of the Sun, 
until Venus has gained half her orbit, or 1^* In advance of the Earth ; and this, at a 
mean rata, wUl require 292 days, since 292 x87'=10S04', or ISO* nearly. 

365. Venus passes from her inferior to her superior conjunc- 
tion in about 292 days. At her inferior conjunction, siie is 
26,000,000 of miles from the Earth ; at her superior conjunc- 
tion, 168,000,000 of miles. It might be expected that her bril- 
liancy would be proportionally incrca.sed, in the one case, and 
diminished in the other ; and so it would be, were it not that 
her enlightened hemisphere is turned more and more from us, as 
she approaches the Earth, and comes more and more into view 
as she recedes from it. It is to this cause alone that we must 
attribute the uniformity of her splendor, as it usually appears to 
the naked eye. 

366. Mercury and Venus present to us, successively, the 
various shapes and appearances of the Moon ; waxing and 
waning through diflTerent phases, as shown in the following cut, 
from the beautiful crescent to the full rounded orb. This fact 
shows, that they revolve around the Sun, and between the Sun 
and the Earth. 

PHASn OF YKSVS 18 8HB KKVOLyiES ABOUXD 1BI SUV. 
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It should be remarked, however, that Venus is never Been when she is entirely >Wi;, 
except once or twice in a century, when she passes directly over the Sun's disc. At 
every other conjunction, she is either behind the Sun, or so near him as to be hidden by 
the splendor of his light. The preceding diagram better illustrates the various appear- 
ances of Venus, as she moves around the Sun, than any description of them could do 

367. From her inferior to her superior conjunction, Venus, 
appears on the west side of the Sun, and is then our mornins 

flow long each f How is it that Venus is east ur west of the Sun 292 days, when her 
periodic revolution is performed in about 225 days ? 865. What is the time from one 
jonjut ction of Venus to another ? Is her brilliancy in proportion to her nearness ? Wli> 
jrt? 866. What phases do Mercury and Venus twchibit, and what do they prove* 
Ki <i tluy ever ai fn entirely full t 867. When is Venus morning star? When cveniny? 
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Star ; from her superior to her inferior coujunction she appearh 
on the east side of the San, and is then oar evening stir. These 
phenomena are illustrated by the following diagram. 

TMKVS A8 MOBHIKO AKD BTIMniO 8TAK. 
M 






Mm 



V 




Let the student hold the book op §auih of him, and he will at oooe Bee whj Veniii to 
Alternately mominif and erening star. Let the plane A B represent tfao aensihle or risl- 
Die horizon, C D the apparent daily path of the Son through the heavens, and E the 
Earth in her apparent position. The San is shown at three different points—namely, 
rising in the east, on the meridian, and setting in the west ; while Venus is seen revolving 
around him from west to east, or in the direction of the arrows. Now it is obrious that 
when Venus is at F, or toed of the Sun, she sets before him as at 6, and rises before him 
as at H. She must, therefore, be Tnominff star. On the other hand, when she is eaH 
of the Sun, as at J, she lingers in the west after the Sun has gone down, as at K, and is 
consequently evening star. 

In Uiis cut, Venus would be at her greatest elongation eastward at J, and westward 
at F, and in botlf cases would be ^^ stationary." At L and M she would be in caf^umi- 
Han with the Sun. 

Were the earth to suspend her daily rotation, with the Sun on the meridian of the 
obserTer, as represented at L, we might readily watch Venus through her whole circuit 
around the Sun. 

368. Like Mercury, Yenus sometimes seems to be stationary. 
Her apparent motion, like his, is sometimes rapid ; at one time, 
direct, and at another, retrograde; vibrating alternately back- 
wards and forwards, from west to east, and from east to west. 
These vibrations appear to extend from 45° to 47°, on each side 
of the Sun 

Consequently she never appears In the eastern horison more than three hours before 
sunrise, nor continues \onger in the western horison after sunset. Any star or planet 
therefore, however brilliant it may appear, which is seen earlier or later than this, cannot 
be Venus. 

369. In passing from her western to her eastern elongation, 

2(W. Is she ever stationary f "What other irregularities in her apparent motioaf 
KO. When is tier motion direct f When retrograde f When most rapid t Whn 
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her motion is from west to east, in the order of the signs ; it ia 
thence called direct motion. In passing from her eastern to her 
western elongation, her motion with respect to the Earth is 
from east to west, contrary to the order of the signs : it is 
thence denominated retrograde motion. Her motion appears 
quickest about the time of her conjunctions ; and she seems sta- 
tionary at her elongations. She is brightest about thirty-six 
days before and after her inferior conjunction, when her light is 
so great as to project a visible shadow in the night, and some- 
times she may be seen with the naked eye even at noon-day. 



DiniOT jun> ftBraoonAOB Monona. 

The cause of the apparent re- 
trogression of the interior planets 
is the fact that they revolve much 
more rapidly than the earth, from 
which we view them ; causing 
their direct motion to appear to 
be retrograde. 

Suppose Uie eurth to be at ▲, and Venus at 
B, she would appear to be at C, among tht* 
stars. If the earth remained at A while 
Venus was passing from B to D, she would 
seem to retrograde from G to E; but as the 
earth passes from A to F while Venus goe^ 
from B to D, Venus will appear to be art O > 
and the amount of her apparent westward 

\^ / . motion will only be from G to O. 

\ / \ / 370. If the orbit of Yenus lay 
\ / ^\ y exactly in the plane of the Earth's 
orbit, she would pass centrally 
across the Sun's disc, like a dark 
round spot, at every inferior conjunction; but, as one-half 
of her orbit lies about 3^° above the ecliptic, and the other half 
as far below it, she will always pass the Sun a very little above 
or below it, except when her inferior conjunction happens in, or 
near one of her nodes ; in which case she will make a transit. 
(See cuts, pages 179 and 180.) 

This phenomenon, therefore, is of very rare occurrence ; it can 
happen only twice in a century ; because it is only twice in that 
time that any number of complete revolutions of Venus are just 
or nearly equal to a certain number of the Earth's revolutions. 

The principle which was iUustrated in predicting the transits of Mercury, aiq»llet 
equally well to those of Venus ; that is, we must find such sets of numbers (repres«&tinf 

orightestf State the cause of the apparent retrograde motion? 8T0. WTiy hare wo net 
•I transit at every revolution of Venus? How ftrequent, therefore? How predietodl 
When do her nodes cut the ecliptic? 
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QMnpIete rerohztlona of the Earth and Tenos) as ihall be to each other in the *atio *.t 
Oifiir periodical times, or as 865.266 is to 824.7. Thus : the motion of Temis, in thv Julian 
/ears, is 2106&»l-.52; that of the Rarth for the sauM period being 19903Y'.45, the rati« 
*^ ^ V?V^W '*f f * ^' ^^^ ^^® ^^'^^ ^'^ ^^ fraction cannot be reduced by a com 
DOD divisor, we raoat multiply them by such numbers as will malce one a multiple of the 
other; accordingly, 18 times the denominator will be nearly equal to 8 times tbe nume* 
mtor ; and 479 times the de::«>minator will equal 891 times the numerator. 

By combining these two periods and their multiples by addition and subtraction, wu 
shall obtain th« period of all the transits that hare ever happened. Thus : 891-S x 7=889, 
%nother period ; and 291-6 x 8^248, another period, and so on. Whem e we And that 
8 periodical revolutions. of the Earth are equal to 18 of Venus: 
885 periodical revolutions of the Earth are equal to 8S2 of Venus : 
848 periodical revolutions of the Earth are equal to 895 of Venus: 
261 periodical revolutions of the Earth are equal to 403 of Venus : 
291 periodical revolutions of the Earth are equal to 475 of Venus. 
Hence a transit of Venus may happen at the same node, after an intemd of 8 years , 
but if it do not happen then, it cannot take idace again at the same node, in less than 
285 years. The orbit of Venus crosses the ecliptic near the middle of Gemini and Sagit- 
tarius ; and these points mark the position of her nodes. At present, her ascending n9d< 
is in the 14th degree of Gemini, and her descending node in the same degree of fr.git- 
tarius. 

371. The node months of Yenus are December and Jane. 
The line of her nodes lies in Gemini ( n ) and Sagittarius ( # ) ; 
and as the Earth always passes those points in the montha 
named, it follows that all transits of Venus must occur in those 
months for ages to come. 

This proposition will be well understood by consulting the cut on page qOo ; for as tho 
line of Venus* nodes is only one sign ahead of that of Mercury, the Earth will reach 
that point in Lhe ecliptic in one month after she passes the line of Mercnry's nodes; so 
that if hia transits occur in May and November, hers should occur in June and December, 
as is always the case. 

272. The first transit ever known to have been seen by any 
human being, took place at the ascending node, December 4th, 
1639.* If to this date we add 235 years, we shall have the 



• This phenomenon was first witnessed by Horrox, a young gentleman about 81 years 
of age, living in an obscure village 15 miles north of Liverpool. The tables of Kepler, 
constructed upon the observations of Tycho Brahe, indicated a transit of Venus in 1681, 
but none was observed. Horrox, without much assistance from books and instruments, 
set himself to inquire into the error of the tables, and found that such a phenomenon 
mi^ht \y, expected to happen in 1(189. He repeated his calcuUitions during this interval, 
vrith all the carefulness and enthusiasm of a scholar ambitious of being the first to predict 
and observe a celestial phenomenon, which, from the creation of the world, had never 
been witnessed. Confident of the result, he communicated his expected triumph to a 
confidential friend residing in Maochoster, and desired him to watch for the event, and 
to take observations. So niixious was Horrox not to fail of witnessing it himself, that he 
commenced his obserratinnti the day before it was expected, and resumed them at the 
rising of the Sun on the morrow. But the twry Aawr when his calculations led him to 
expect the visible appearance of Venus on the Sun's disc, was alw the appointed hour 
fL-r the publtc wor^iip of God on the SabbaVt. The delay of a few minutes might 
d«.|>rive hira for ever of an cpportiinity of observing the transit. If its very commence- 
ment were not noticed, clouds might intervene, and conceal it until the Sun should set: 
a<itl nearly a century and a half would elapse before another opportunity would occur, 
lie had hcen waiting for the event with the most ardent anticipation for eight years, and 
the result promised much benefit to the science. Koticith*sUtnding all thin, fforfocp 
tvyice HiMpended his obHcrtotionH and twice repaired to ttce JJotvte of God^ the Great 
Author of the bright works he delighted to contemplate. When his duty was thus per- 

Sn. MIMh are her aode aionthaV 372. When was the first traiultotaerrMl^ IVUf 
.'Mcn«tiDg aboodotof 
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time of the next transit at the same node, whi A will accordingly 
happen in 1874. There will be another at the same node in 
1882, eight years afterwards. It is not more certain that this 
phenomenon will recnr, than that the event itself will engross 
the attention of all the astronomers then living npon the Earth. 
It will be anticipated, and provided for, and observed, in every 
inhabited quarter of the globe, with an intensity of solicitude 
which no natural phenomenon, since the creation, has ever 
excited. 

373. The reason why a transit of Venus should excite so great 
an interest is, because it may be expected to solve an important 
problem in astronomy, which has never yet been satisfactorily 
done : — a problem whoF'^ solution will make known to us the 
magnitudes and masses of all the planets, the true dimensions of 
their orbits, their rates of motion around the Suu, and their 
respective distances from the Sun, and from each other. It may 
be ekpected, in short, to furnish an universal standard of astro- 
nomical measure. Another consideration will render the obser- 
vacion of this transit peculiarly favorable ; and that is, astrono- 
mers will be supplied with better instruments, and more accurate 
means of observation, than on any former occasion. 

So important, says Sir John Herschel, hare these observations appeared to astronomers, 
that at the last transit of Venas, in 1769, expeditions were fitted out, on the most efficient 
scale, by the British, French, Russian, and other governments, to the remotest comers of 
the globe, for the express purpose of making them. The celebrated expedition of Captain 
Cook to Otaheite, was one of them. The general result of all the observations made on 
this most memorable occasion, gave 8' .5776 for the Snn^s horixontal paralhuc 

374. The phenomena of the seasons of each of the planets, 
like those of the Earth, depend upon the inclination of the axis 
of the planet to the plane of its orbit, and its revolution around 
the Sun. The inclination of the axis of Venus to the plane of 
her orbit, though not precisely known, io commonly estimated at 
75°, as represented to the eye in the following cut : 

termed, and he had returned to his chamber the second time, his lore of science was 
gratified with Ml success ; and he saw what no mortal eye had observed before 1 

If anything can add interest to this incident, it is the modesty with which the young 
astr<M)omer apologizes to the world, for auspending his observations at all. 

** I observed it,** says he, ** from sunrise till nine o*clock, again a little before ten, and 
lastly at noon, and from one to two o*clock ; the rest of the day being devoted . $ h^*:' 
duties, which might not be neglected for these pastimes.** 

When the nextf When another f How win It be regarded f 87S. Why shoolu socii 
•in event excite general interest f Remark cf Sir John Herschel f What expedition and 
what results? 874. Upon what do the 9&t«mso{ the planets depend? What is tli« 
locbnation of Venus* axin tt the plane c rier orbit? How U 2ier orbit ab^iated vitb 
ictDTcnx) to the ecliptic? ^ 



Digitized by Google 



THE FRIMARY PLANETS — MERCURY kVh TElfUS. 191 

HOUVATIOS or TIOIOB' AXIi. 




PLANE Of THE CCLI^TiC 



The orMI of Venos departs from the ectipUc 8)<*, while her aaoU li inclined to the 
plane of her orbit 75*, aa shown in the abore figure. This oistinction should be kept 
definitely in view by the student. 

375. The declination of the Sun on each side of Venus' equa- 
tor, must be equal to the inclination of her axis : and if this 
extends to 76°, her tropics are only 15** from her poles, and her 
polar circles only 15° from her equator. It follows, also, that 
the Sun must change his declination more in one day at Venus, 
than in five days on the Earth ; and, consequently, that he never 
shines vertically on the same places for two days in succession 
This may, perhaps, be providentially ordered, lo prevent the too 
great effect of the Sun's heat, which, on the supposition that it 
is in inverse proportion to the square of the distance, is twice as 
great on this planet as it is on the Earth. 

376. At each pole of Venus, the Sun coDtinues half of her 
year without setting in summer, and as long without rising in 
winter ; consequently, her polar inhabitants, like those of the 
Earth, have only one day and one night in the year ; with this 
difference, that the polar days and nights of Venus are not quite 
two-thirds as long as ours. 

Between her polar circles, which are but 1 5° from her equator, 
there are two winters, two summers, two springs, and two 
autumns, every year. But because the Sun stays for some time 
near the tropics, and passes so quickly over the equator, the win- 
ters in that zone will be almost twice as long as the summers. 

The north pole of Venus' axis inclines towards the 20th 
degree o^ Aquarius ; the Earth's towards the beginning of Can- 
cer ; consequently, the northern parts of Venus have summer 
in the signs where those of the Earth have winter, and vue versd, 

377. When viewed through a good telescope, Venus exhibits 
not only all the moon-like phases of Mercury, but also a variety 
of inequalities on her surface ; dark spots, and brilliant shades, 
hiJIs and valleys, and elevated mountains. But on account of 

f75. What is the amount of the Snn'a declination upon Venus f What resu'ts ? Wh.U 
lapposed design in this arrangement? 876. What said of the polar regions of Venus t 
What of her seasons? liow is her north pole situated with respect to the beavcuxiV 
VbxU ooosecfMOce? 877. Uow does Venus appear through a Itlcsooiio^ 
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the great density of her atmosphere, these incqaulities arc per 
ceiy^ with more difficulty than those upon the other planets. 




378. The mountains of Tenus, like those of Mercnry and th** 
Moon, are highest in the southern hemisphere. According to 
M. Schroeter, a celebrated German astronomer, who spent more 
than ten years in observations upon this planet, some of her 
mountains rise to the enormous height of from ten to twenty- 
two miles. The observations of Dr. Herschel do not indicate so 
great an altitude ; and he thinks, that in general they are con- 
siderably overrated. He estimates the diameter of Venus at 
8649 miles ; making her bulk more than one-sixth larger than 
that of the Earth. Several eminent astronomers affirm, that 
they have repeatedly seen Venus attended by a satellite, and 
they have given circumstantial details of its size and appearance, 
its periodical revolution and its distance from her. It is said to 
resemble our Moon in its phases, its distance, and its magnitude. 
Other astronomers deny the existence of such a body, because 
it was not seen with Venus on the Sun's disc, at the transits of 
1761 and 1769. It probably does not exist. 

THE EARTH. 

379. The Earth is the place from which all our observations 
of the heavenly bodies must necessarily be made. The apparent 
motions of these bodies being very considerably affected by hei 
figure, motions, and dimensions, these hold an important place in 
astronomical science. It will, therefore, be proper to consider, 
first, some of the methods by which they have been determined. 

If, standing on the searshore, in a clear day, we view a ship 
leaving the coast, in any direction^ the hull or body of the vessd 

Whj less distinct than the other planets ? 878. Where are her hl;b«8t monntatra 
dltuate(if Their height? Remarlc of Dr. Herschel ? Ui» estimate of Veout* diameter ? 
What said about a «a/«^«^ around Venus? 879. Relation of the earth to the other 
planets in the study of aatronooiyr Wha^ necessary, therefore? Wliat proof- of ttai 
oonveiot}- of her surfaeet 
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first disappears ; afterwards the rigging, and lastly the top (/ 
the mast vanishes from our sight. 



OUMTBUTT or nU BAMS*! tCBVAOIL 




Here the observer apon the shore at A sees only the topmasts of the ship, whf.e ths 
man standing upon the ptllar at B sees the masts and sails, and part of the hull. Now, 
If the water between A and the ship were exactly flat instead of convex, the vision of A 
irould extend along the line C, and he could see the whole ship as well as B. The advan> 
*age of B over A, in consequence of his elevation, shows that the sorface of the water 
is convex between A and the ship. 

380. Again : navigators have sailed qnite around the Earth, 
and thns proved its convexity. 

OOHVXXITT or TBI ■▲Cni*8 eUBPACB. 

Ferdinand Magellan, a Portuguese, was the 
first who carried this enterprise into execution. 
He embarked from Seville, in Spain, and directed 
his course towards the west. After a long voy- 
age, he descried the continent of America. Not 
finding an opening to enable him to continue his 
course in a westerly direction, he sailed along the 
coast towards the south, till, coming to its south- 
ern extremity, he sailed around it, and found 
himself in the great Southern Ocean. He then 
resumed his course towards the west. After 
some time he arrived at the Molucca Islands, in 
Idle Eastern Hemiftphere; and sailing con- 
f nually towards the west, he made Europe from 
^e east, arriving at the place from which he 
A«t out.* 

The next who circumnavigated the Earth wai 
Sir Francis Drake, who sailed from Plymouth, 
December 18, 1577, with five small vessels, and 
arrived at the same place, September 26, 1580. 
Since that time, the circumnavigation of the Earth has beeii performed by Cavendisn, 
Cordes, Noort, Sharten, Heremites, Dampier, Woodes, Rogers, Schovten, Roggewin, Lord 
Anson, Byron, Carteret, Wallis, Bougainville, Cook, King, Clerk, Vancouver, and many 
o«liani. 

381. These navigators, by sailing in a westerly direction, 
allowance being made for promontories, &c., arrived at the coun- 
try they sailed from. Hence the Earth must be either cylindri- 
cal or globular. It cannot be cylindrical, because, if so, the 
meridian distances would all be equal to each other, which is 

* Magellan sailed from Seville, fn Spain, August 10, 1519, in the ship called the Victory, 
accompanied by fonr other vessels. In April, 1521, he was killed in a skirmish with the 
natives, at the island of Sefm^ or ZebUy sometimes called Matan, one of the Philippines. 
One of his vessels, however, arrived at St. Lucar, near Seville, September 7, 1522. 

)JSO. What 9€Con<i proof stated ? Who first sailed around the^iforld ? . Who next I 
061. In what direction did they snUf How did thelie voyages p^roV% the earth to be 
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ooutrarj to obseryation. The figure of the Ea.*th ig, th^eiore 
Bphericul. 

882. The convexity of the Earth, north and south, is proved 
bj the variation in the altitude of the pole, and of the circnm- 
polar stars ; this is found uniformly to increase as we approach 
them, and to diminish as we recede from them. 

LATITVDB rOUHD BT TBI HOITB JttAm. 

Suppose an obserrer stand ins 
apon the Earth, and viewing the 
pole star from Uie 45* of North 
latitude; it would, of coarse, 
•ppear elevated 45* abore his 
visible horison. But let him 
recede southward, and as he 
passed over a degree of latitude, 
the pole star would settle one 
degree towards the horizon, or 
more properly, his northern 
horizon would be elevated one 
degree towards the pole star, 
till at length, as he crossed the 
equator, the North star woolC 
sink below the horison, nai 
become Invisible. Whence ire 
derive the general rule, that 
ih4 aUUude of one pol^t ortht 
depresirionqfthe other, at am% 
piaet OH the ScuWe ew/ace^ is equal to tKs latUmie t^ that place, 

883. The form of the Earth's shadow, as seen upon the Moon 
Id au eclipse, indicates the globular figure of the Earth, and the 
oonaequent convexity of its surface. 

roRM or TUB barth*8 shadow. 





B>tciica ? 882. What further proof have we that the earth is bpherlealf What ruli 
hnacd upon this phenomenon f 888. ^Vhat other evidence that the earth to m globe 
What remarks respecting the curvature of the earth's sorfaeef What roles laid down 
^ased upon this curvature ? 
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Were ^e Earth a ctU>e as ihown at A, or in the form of a prUm^ as represenicd at B. 
tier bhadow would be more or less cobieal or prismatic, as seen in the cut ; but instead 
•f ibis, it is con/ceoB on all 9ide$t as represented at 0, plainly indicating the convexity oji 
the Earth bj which it is caused. 

The curvature of the Earth for one mik is 8 Inehes ; and this cnnratore Increases with 
the square of the diataace. From this general law it will be easy to calculate the distanct 
at which any ofagect whose height is given, may be seen, or to determine the height of an 
object when the distance is known. 

1st. To find the height of the ot^ect when the distance is given. 

Reus. Jf'ind the square of the dlntance in mUe«t a^ ^^ Hoo-thirde qfthat nwmb€^ 
for the height in feet. 

Ex. 1. — How high must the eye of an obsenrer h% raised, to see the surface of the 
ocean at the distance of three miles f Ann. The square of 8 ft. is 9 ft., and S of f ft. is 
6 ft. Ex. 2. — Suppose a i>erson can Just see the top of a spire over an extended plain o' 
ten miles, how high is the steeple f Ane. The square of 10 is 100, and H of 100 Is 
66^ feet. 

2. To find the distance when the height Is given. 

Rui.8. Jnereaee the height in feet one-ha{f, and emtract the tquare rocit for the dis 
tanee in niilee. 

Ex. 1. — How far can a person see the snrfaed of a plain, whose eye Is elevated six 
feet above it? Ant. 6, increased by half, is 9, and the square root of 9 is 8: the distai*ot 
is then 8 miles. Ex. 2. — ^To what distance can a person see a lighthouse whose height 
Is 96 feet from the level of the ocean ? Ana. 96 Increased by its half, is 144, and tht 
square root of 144, is 12; the distance is therefore 12 miles. 

8. To find the curvature of the Earth when it exceeds a mile. 

RuLB. MuUiply the square qfthe diettince by .000126. 

384. Although it appears from the preceding facts, that the 
Earth is spherical, yet it is not a perfect sphere. If it were, tht 
length of the degrees of latitude, from the equator to the poles, 
would be uniformly the same ; but it has been found, by the 
most careful measurement, that a% we go from the equator 
towards the poles, the length increases with the latitude. 

These measurements have been made by the most eminent mathematicians of different 
countries, and in various places, from the equator to the arctic circle. They have found 
that a degree of latitude at the arctic circle was nin^i-»ixteenths of a mile longer than a 
degree at the equator, and that the ratio of increase for the intermediate degrees was 
nearly as the squares of the sines of the latitude. Thus the theory of Sir Isaac Newton 
was confirmed, that the body of the Earth was more rounded and convex between tht 
tropics, but considerably flattened towards the poles. 



.Places of 
Observation. 


Latitude. 


Length of a degree in 
SnglUhmiUe. 


Obeervere. 


Italy 
Prance 
England 
»veden 


Equator. 
89* 12' N. 
48 01 
46 

51 29 64- 
66 20 10 


68.782 
63.896 
68.998 
69.054 
69.146 
69.292 


Bouguer, 

Mason and Dixon, 

Boscovicn and Lemafl^ 

Delambre and Mechain, 

Mudge, 

Swamberg. 



385. These measurements prove the Earth to be an ohlaU 
tfhuicfid, whose longest or equatorial diameter is 7926 miles, and 
polar diameter, 7899 miles. The mean diameter is, therefore, 
about 7912, and their difference 27 miles. The French Acade- 

884. Hut is the earth a »pheret What proof to the contrary? 885. What, then. Is 
*ht earth's real figure ? What difference in her polar and equatorial diameters? Wool 
demonstrut'ton that the earth Is not an exace sphere? 
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my hare determiLsd that the mean diameter of the Earth, from 
the 4oth degree of north latitude, to the q)posite degree of 
Boath latitude, is accurately 7912 miles. 

If the Earth were an exact sphere, its diameter might 1>« 
determined by its curvature, from a singie measurement Tha«, 
in the adjoining figure, we have A B equal to 1 mile, and B D 
equal to 8 incites, to find A E, or B E, wMeh does not sensibly 
differ from A E, since B D' is only 8 inches. Now it is a propo^ 
siMon of Euclid (B. 8, prop. 36), that, when from a point with- 
out % circle, two lines be drawn, one cutting and the otiier 
touching it, the touching line (B A) is a mean proportional be- 
tween the cutting line (B E) and that part of it (B O) without 
the circle. 

BD:BA::BEorAF very nearly. 
That is, 1 mile being equal t(> 68,8<H) inclMfS, 
8 : 68,860 : : 1 : 7,920. milea. 
This is Tery nearly what the mos4 elaborate calculations make the BarUi*! equatorial 
iiameter. 

386. The Earth, considered as a planet, occupies a favored 
rank in the Solar System. It pleased the All-wise Creator to 
assign its position among the heavenly bodies, where nearly all 
the sister planets are visible to the naked eye. It is situated 
next to Venus, and is the third planet from the Sun. 

To the schohtr who for the first time takes up a book on astronomy, it trill no donbt 
seem strange to find Ac Earth classed with the heavenly bodies. For what can anpear 
more unlike, than the Earth, with her vast and seemingly immeasurable extent, and the 
stars, which appear bat as points? The Earth is dark and opaque, the celesthil bvdiea 
are brilliant. We perceive in it no motion ; while in them we observe a continual change 
of place, as we view them at different hours of the day or night, or at different seasona 
of the year. 

387. It moves round the Sun from west to east, in 365 days, 
6 hours, 48 minutes, and 48 seconds ; and turns the same way, 
on its axis, in 23 hours, 66 minutes, and 4 seconds. The former 
is called its annual motion, and causes the vicissitudes of the 
seasons. The latter is called its diurnal motion, and produces 
the succession of day and night. 

The Earth's mean distance from the Sun is about 91,500,000 
of miles. It consequently moves in its orbit at the mean rate of 
65, 500 miles an hour. Its equatorial diameter being 7926 miles, 
it; turns on its axis at the rate of 1040 miles an hour. 

Thus, th«3 Earth on which we stand, and which has "senred for ages as the uxwhaken 
foundation of the firmest structures, is every moment turning swiftly on its center, aro, 
at the same time, moving onwards with great rapidity through the empty qpace. 

This compound motion is to be understood of the wkoleSarth^ witb all that it hold4 
within its snbstance, or sustains upon its sur^tce— of the solid mass beneath, of the 
ocean which floa-s around it, of the air that rests upon it. and of the clouds whijch float 
above it in the air. 

836. What said of the position of the earth in the system ? What remark as to clanf 
tytng the earth as a planet? 8S7. State the time of the earth's revolution anmnd tho 
im? On her own axis? What are they called, respectively ? What is the eartb*(! 
mt^ae dfartance ttom the sun? Its mean rate of motion in its orbit? Hovtrly mottoa if 
>cUies at ttie equator? What twofold motion tbere? Inuludee ffhxtf 
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388. That the Earth, in oommon with all the planets, revolyes 
ftronnd the San as a center, is a fact which rests npon the clear* 
est demonstrations of philosophy. That it revolves, like them, 
upon its own axis, is a truth which every rising and setting snn 
illustrates, and which very .many phenomena concur to establish. 
Either the Earth moves aronnd its axis every day, or the whok 
universe moves around it in the same time. There is no third 
opinion that can be formed on this point. Either the Earth 
must revolve on its axis every twenty-four hours, to produce the 
alternate succession of day and night, or the Sun, Moon, planets, 
comets, fixed stars, and the whole frame of the universe itself, 
mufit move around the Earth, in the same time. 

389. To suppose the latter case to be the fact, would be to 
cast a reflection on the wisdom of the Supreme Architect, whose 
laws are universal harmony. As well might the beetle, that in 
a moment turns on its ball, imagine the heavens and the earth 
had made a revolution in the same instant. It is evident, that 
in proportion to the distance of the celestial bodies from the 
Earth, must, on this supposition, be the rapidity of their move- 
laents. The Sun, then, would move at the rate of more than 
400,000 miles in a minute ; the nearest stars, at the inconceiv- 
able velocity of 1,400,000,000 of miles in a second; and the 
Hiost distant luminaries, with a degree of swiftness which no 
numbers could express, and all this, to save the little globe we 
tread upon, from turning safely on its axis, once in twenty-four 
hours. 

390. The idea of the heavens revolving about the Earth, is 
encumbered with innumerable other difficulties. We will men- 
tion only one more. It is estimated on good authority, that 
there are visible, by means of glasses, no less than 100,000,000 
of stars, scattered at all possible distances in the heavens above, 
beneath, and around us. Now, is it in the least degree probable, 
that the velocities of all these bodies should be so regulated, 
that, though describing circles so very different in dimensions, 
they should complete their revolutions in exactly the same time? 
In short, there is no more reason to suppose that the heavens 
revolve around the Earth, than there is to sappose that they 
revolve around each of the other planets, separately, and at the 
same time ; since the same apparent revolution is common to 
them all, for they all appear to revolve upon their axis, in dlfier 
ent periods. 

S88. What two motions has the earth V What proof of her diurnal revolntton f IRIL 
Ckhy not suppose the heaveoi revolve around ua f 890. What f\urther proof? 
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891. The rotation of the Earth determines the length of the 
day, and may be regarded as one of the most important ele- 
ments in astronomical science. It serves as an universal measure 
of time, and forms the standard of comparison for the revolu- 
tions of the celestial bodies, for all ages, past and to come. 
Theory and observation concur in proving, that among the innu- 
merable vicissitudes that prevail throughout creation, the period 
of the £arth's diurnal rotation is immutable. 



SOLAR AND SIDEREAL TIME. 

392. The Earth performs one complete revolution on its axis 
in 23 hours, 56 minutes, and 4.09 seconds, of solar time. This 
is called a sidereal day, because, in that time, the stars appear 
to complete one revolution around the Earth. 

But, as the Earth advances almost a degree eastward in its 
orbit, in the time that it turns eastward around its axis, it is 
plain that just one rotation never brings the same meridian 
around from the Sun to the Sun again ; so that the Earth 
requires as much more than one complete revolution on its axia 
to complete a solar day, as it has gone forward in that time. 

80LAB AMD 8IDBRRAL TUS. 

^ Q SIDE RCAL DAY '^^^ 

JOL^^JM^. ' "^ ^^ 

f^ . "^"""^""'^^ SUN ON THE ME aiDlAN 4/^h 

To the man at A the Sun (S) Is exactly on the meridian, or !t is twelve o'clodc, nooo, 
Tlie Earth passes on from B to D, and at the same time revolves on her axis. When she 
reaches D, the man who has stood on the same meridian has made a complete revolution, 
as determined by the star G (which was also on his meridian at twelve o clock the day 
bi'fore) ; but the Sun is now ewd of the meridian, and he must wait/our minutes for the 
K.irth to roll a little further eastward, and bring the Sun again over his north and south 
line. If the Earth was not revolving around the Sun, her solar and sidereal days would 
be the same; but a* «t Is, she has to perform a little more than one complete revoluUon 
each solar day, to bring the Sun on the meridian. 

393. It is obvious, therefore, that in every natural or solar 
day, the Earth performs one complete revolution on its axis, and 
the 365th part of another revolution. Consequently, in 36f^ 
days, the Earth turns 366 times around its axis. And as every 

8»1. What relativu ?n- the earth's diurnal revolution to UtMf WhaJ "^ JJ* J^.^SK* 
.arity ♦ «tt. What is tne time required for a complete revolution ? ExpUlil the ei»r- 
knee between 9olar and eidereal time? 898. Is a solar day more ttian » complete 
MVoluUon of tJTearth on her axis? To what does this excess amott&t III a y^arf 
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rcvolation of the earth on its axis completes a siden^l daj, 
there mast be 366 sidereal days Id a year. And, generally, 
since the rotation of any planet about its axis is the length of a 
sidereal day at that planet, the number of sidereal days will 
always exceed the number of solar days by one, let that number 
be what it may, one revolution being always lost in the course 
of an annaal revolution. This difference between the sidereal 
and solar days may be illustrated by referring to a watch or 
clock. When both hands set out together, at 12 o'clock for 
instance, the minute hand must travel more than a whole circle 
before it will overtake the hour hand, that is, before they will 
come into conjunction again. 

394. In the same manner, if a man travel around the Earth 
eastwardly, no matter in what time, he will reckon one day more, 
on his arrival at the place whence he set out, than they do who 
remain at rest ; while the man who travels around the Earth 
westwardly will have otu day less. From which it is manifest, 
that if two persons start from the same place at the same time^ 
but go in contrary directions, the one traveling eastward and 
the other westward, and each goes completely around the globe, 
although they should both arrive again at the very same hour 
at the same place from which they set out, yet they will disagree 
two whole days in their rcckoiing. Should the day of their 
return, to the man who traveled westwardly, be Monday, to 
the man who travelled eastwardly, it would be Wednesday ; 
while to those who remained at the place itself, it would be 
Tuesday. 

895. Nor is it necessary, in order to produce the gain or loss 
of a day, that the journey be performed either on the equator, 
or on any parallel of latitude : it is sufficient for the purpose, 
that all the meridians of the Earth be passed through, eastward 
or westward. The time, also, occupied in the journey, is equally 
unimportant ; the gain or loss of a day being the same, whether 
the Earth be traveled around in 24 years, or in as many hours. 

896. It is also evident, that if the Earth turned around ita 
axis but once in a year, and if the revolution was performed the 
same way as its revolution around the Sun, there would be per- 
petual day on one side of it, and perpetual night on the other. 

flence what general rale? What lllastratioo referred to? 894. What effect haf tra- 
relinff east or west, upoa time f Hence what resoitf 895. Is it important that the sup- 
posed journeya be performed in a short period? 896. How would it be if tLe Bartlj 
rcTolreii on ber axU but once a year? 
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Ilroin tbeie fkcts the vapVL wiU readily ooio|>reheod U>e principle^ InToIred in ««qrioat 
problem whidi appeared a Km years ago. It was in'^^eiy reported bv an American ship, 
that, In sailing oreK the ocean, it chanced to And «te Sundays in February, The fad 
was insisted on, and a solution demanded. There is nothing absurd in this. The mac 
who travels around the earth ea^twardty^ wHl see the Sun go down a little earKer every 
succeeding day, than if he had remained at rest; or earlier than they do who live at the 
place from which he set ont. The faster he travels towards the rising sun, the sooner 
will it appear above the horiaon in the morning, and so much sooner will it set fn the 
evening. What he thus gains in «m«, wiU bear the same proportion to a solar day, as 
the distance traveled does to the circumference of the Earth. As the globe.is 860 degrees 
In circumference, the Sun will appear to move over one twenty>fburth part of its surface, 
^r 14* every hour, which is 4 minutes to one degree. Consequently, the Sun will rise, 
come to the meridian, and set, 4 minutes sooner, at a place 1* east of us, than it will 
with us : at the distance of 9* thc| Sun will rise and let 8 minutes sooner ; at the distance 
of 8*, 12 minutes sooner, and so on. 

Now the man who travels one degree to the east, the first day wiU have the Son on his 
meridian 4 minutes sooner than we do who are at rest ; and the second day 8 minutes 
sooner, and on the third day 13 minutes sooner, and so on ; each successive day being 
comi^eted 4 minutes earlier than the preceding, until he arrives again at the place f^om 
which he started : when this continual gain of 4 minutes a day will have amounted to a 
whole day in advance of our time : he having seen the Sun rise and set once more than 
we have. Consequently, the day on which he arrives at home, whatever day of the 
week it may be, is one day in advance of ours, and he must needs live that day over 
again, by calling the next day by the same name, in order to make the accounts 
harmonise. 

If this should be the last day of February in a bissextile year. It would also be the 
same day of the week that the Jirst was, and be six times repeated, aod if it should 
happen on Sunday, he would, under these circumstaiiees, have six Sundays in February. 

Again : whereas the man who travels at the rate of one degree to the east, will have 
all his days 4 minutes aJiorter than ours, so, on the contrary, the man who travels at the 
same rate towards the west, will have all his days 4 minutes longer than ours. When he 
has finished the circuit of the Earth, and arrived at the place from which he first set 
out, he will have seen the Sun rise and set once Jess than we have. Consequently, 4he 
day he gets home will be one day after the time at that place; for which reason, if he 
arrives at home on Saturday, according to his own account, he will have to call the next 
d&j Monday; S'lnday having gone by before he reached home. TIius, on whatever day 
of the week January should end, In common years, he would find the same day repf^ated 
vnly three times in February. If January ended on Sunday, he would, under these cir- 
numrtances, find only three Sundays in J>'ebruary, 

397. The Earth's motion about its axis being perfectlj equable 
and uniform in eyery part of its annual revolution, the sidereal 
days are always of the same length, but the solar or natural days 
?ary very considerably at different times of the year. This varia- 
tion is owing to two distinct causes, the inclination of the Earth's 
axis to its orbit, and the inequality of its motion around the Sun. 
From these two causes it is, that the time shown by a well-regu- 
lated clock and that of a true sun-dial are scarcely ever the 
same. The difference between them, which sometimes amounts 
to 16:J minutes, is called the Equation of Time, or the equation 
of solar days. 

What curious facts accounted for? What supposition of a man traveling eastward 
one degree a day f What effect upon the time of the Sun*s passing the meridian t Upoc 
the length of his daj f What change of name may it require? 897. Are the solai 
and sidereal days alik *. uniform as to length ? Why do solar days vaiy in length? Wtj 
io not a di€U and cfoet agree ? What is the Equation qf Time t 
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ThQ dUTerenco between 
n«an and <ippareni time, 
»r, in other words, between 
Squin/HOica and JScUpUo 
tioM;, cxay be furtber sboirn. 
by this figure, which repre- 
KQts the circles of the 
sphere Let it be first pre- 
mised, that equinoctial time 
is clock time; and that 
«dipHc time is aolar or 
apparent time. It appears 
that from Aries to Cancer, 
the Sun in the eoliptic comes 
to the meridian bejbre the 
equinoctial Son ; from Can- 
cer to Libra, afier it; from 
Libra to Capricorn bt^/bre 
it; and from Capricorn to 

Aries after It. If we notice 

what months the Sun is in 

titeae several quarters, we 

shall find that from the 25th 

of December to the 16th of 

April, and from the 16th of 

June to the 1st of Septem- 

W, the clock U fntter than 

Uje sun-dial ; and that, from 

^e 16th of April to the 16th of June, and from the 1st of September to the S^ of De;^ 

we nm^ial is faster than the clock. 

398. It is an aniversal fact, that, while none of the planet <i are 
perfect spheres, none of their orbits are perfect circles. The 
planets all revolve about the Sun, in ellipses of different degrees 
of eccentricity ; having the San, not in the center of the ellipse, 
but in one of its foci. 

The figure A D B E Is an tHUi>M. The line A B ii 
called the transverse axis, and the line drawn through 
themiddle of this line, and perpendicular to it, is the 
conjugate axis. The point 0, the middle of the trans, 
^erse axis, is tbe center of the ellipse. The points- 
*and f, equally distent from 0, are called itrnfod, 
y ', the distance from the center to one of the foci, 
w called the eccentricity. The orbita of the planets 
being ellipses, having the Sun In one of the foci. If 
A D B E be the orbtt of a planet, with the Sun in the 
iQCQs r, when tbe planet is at the point A, it will be in 
IV .pariAefian, or nearest the Sun ; and when at the 
pomt B hi its aphelUm, or at its greatest distance 
from the Sun. The difference in these distances is 
^vide&tly equal to F f, that is, equal to twice the eccentricity of its orbit. In erery reTo- 
ration, a planet passes through its perihelion and aphelion. The eccentricity jf the 
Karth's orbit is about one and a half millions of mUes ; hence she is 8,000,000 of miles 
nesrer the Sun in her perihelion, than in her aphelion. 

«ow as the Sun remains fixed in the lower focus of the Earth's orbit, it is easy te per- 
'•eive that a line, passing centrally through the Sun at right angles with the longer axis 
w tlie orbit, will divide it into two unequal segments. Preeiaely thus U ia dimded by 
^f^ equinoctial, 

399. That portion of the Earth's orbit which lies ahovt the 

^. What is the true form of the planets* orbits ? Why ie equinoctial Ume irregular 9 
^* How is the Earth** orbit divided by the equinoctial ? 
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San, or ii^A of the equinoctial, contains abont 184 degrees ; 
while that portion of it which lies below the San, or south of the 
eqainoctial, contains only 176 degrees. This fact shows inrhy 
tl^e San continues abont eight days longer on the north side of 
the eqaator in summer, than it does on the south side in winter. 
The exact calculation, for the year 1830, is as Ibllo^fs : 



d. h. m. d. h. m. 
183 11 19 

178 18 80 



From the remtl equinox to the rammer lolstlee, s 98 21 19 

From the summer solitice to the autumnal equinox, s 98 14 1 

From the autumnal equinox to the winter solstice, =89 11 17 

From the winter solstice to the vernal equinox, =89 1 18 

Diflference in faTor of the north side, = 7 16 49 

The points of the Earth's orbit which correspond to Its greatest and least distancea 

fk^m the Sun, are ealled, the former the Apogee, and the latter the Perigee; two Greek 

words, the former of which signifies from the Sarih, and the latter lU/out the Earth, 

These points are also designated by the common name of Apsides, 

400. The Earth being in its perihelion about the 1st of Jan- 
nary, and in its aphelion the 1st of July, we are 3,000,000 of 
miles nearer the Sun in winter than in midsummer. The reason 
why we have not, as might be expected, the hottest weather 
when the Earth is nearest the Sun, is, because the Sun, at that 
time, haying retreated to the southern tropic, shines so obliqaely 
on the northern hemisphere, that its rays have scarcely half the 
effect of the summer Sun ; and continuing but a short time above 
the horizon, less heat is accumulated by day than is dissipated 
by night. 

401. As the Earth performs its annual revolution around the 
Sun, the position of its axis remains invariably the same ; always 
pointing to the North Pole of the heavens, and always main- 
taining the same inclination to its orbit. This seems to be pro- 
videntially ordered for the benefit of mankind. If the axis of 
the Earth always pointed to the center of its orbit, all external 
objects would appear to whirl about our heads in an inexplicable 
maze. Nothing would appear permanent. The mariner could 
no longer direct his course by the stars, and every index m 
nature would mislead us. 

What phenomenon does this explain f 400. When is the Earth in its perihelion? Its 
aphbliou ? Wliat difference in its distance from the Sun ? Why, then, have we not the 
irarsiest weather in January ? 401. What said of the permanency of the Earth's axis? 
Bow would it be if either pole was toward the Sun? 
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CHAPTER IV. 
THE MOON— HEiw DISTANCE, MOTIONS, PHASES, &a 

402. There if no object within the scope of astronomical 
ebseryation whi h affords greater variety of interesting investi- 
Ration than the varioas phases and motions of the Moon. From 
tbem the astronomer ascertains the form of the Earth, the yicis- 
Bitudes of the tides, the canses of eclipses and occnitations, the 
distance of the Sun, and, consequently, the magnitude of the 
solar system. These phenomena, which are perfectly obvious to 
the unassisted eye, served as a standard of measurement to all 
nations, until the advancement of science taught them the advan- 
tages of solar time. It is to these phenomena that the naviga- 
tor is indebted for that precision of knowledge which iruides him 
with well-grounded confidence through the pathless ocean. 

The Hebrews, the Greeks, the Romans, and, in general all 
the ancients, used to assemble at the time of new or full Moon, 
to discharge the duties of piety and gratitude for her unwearied 
attendance on the Earth, and all her manifold uses. 

The philosophy of the changes of the Moon is illustrated by 
the following cut : 

PHIljnflOPHT or THB MOOV'S OBAVOBB. 

2 / 

€)^--.. 

/ / 1: • o^»V?..^ 

• fuLl "^ New..-; 

3€>0« %^^^^%p^ 

\ \ F ^ H / / 

••.. ^ LAST OIL ^^ 

This cut represents the moon rerolvlnfif eastward around tbe Earth. In the tutsidc 
cirele, she is represented as she would appear, if viewed from a direction at right angleJ 
with tbe plane of her orbit. The side toward the Sun is enli^tened in eTery case, anil 
•he appears lUce a half moon at every point. 

402. What sail of the Moon's motions and phases? What learned fh>ni them? How 
osfid anciently? How at the present time? How did the ancieuto observe the now '.xu% 
fullcoonB? 

9* 
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The Interior luit represents her m she appears when rkwed from the earth. At A It is 
New Moon ; and if seen at nil so near the Sun, she would appear like a dark globe. At 
B she would appear like a crescent, concave toward the east. At C, more of her enllfht* 
cned side is visible ; at D still more ; and at K the enlightened hemisphere is fully in 
view. >Ve then call her a I'uU Jfoon, Prom E around to A again, the dark portion 
becomes mord and more visible, as the luminous part goes out of view, till she cornea t^ 
b<ir ohaoffe at A. When at D and F the moon is said to foe gibbou9. 

403. When the Moon, after having been in conjauctioa with 
the Sun, emerges from his rays, she first appears in the evening, 
a little after sunset, like a fine luminous crescent, with its couve^ 
side towards the Sun. If we observe her the next evening, we 
find her about 13^ farther east of the Sun than on the preceding, 
evening, and her crescent of light sensibly augmented. Re|)eatr 
ing these observations, we perceive that she departs farther and 
farther from the Sun, as her enlightened surface comes more and 
more into view, until she arrives at her first quarter^ and corner 
to the meridian at sunset. She has then finished half her course 
from the new to the full, and half her enlightened hemisphere i^ 
nurned towards the Earth. 

404. After her first quarter, she appears more and more gib- 
hous^ as she recedes farther and farther from the Sun, until she 
has completed just half her revolution arouud the Earth, and is 
seen rising in the east when the Sun Is setting in the west. She 
then presents her enlightened orb fuU to our view, and is said 
to be in opposition ; because £he is then on the opposite side of 
the Earth with respect to the Sun. 

la the first half of her orbit she appears to pass over our 
heads through the upper hemisphere ; she now descends below 
the eastern horizon to pass through that part of her orbit which 
lies in the lower hemisphere. 

405. After her full she wanes through the same changes of 
pearance as before, but in an inverted order ; and we see hor in 
the morning like a fine thread of light, a little west of the rising 
Sun. For the next two or three days she is lost to our view, 
rising and setting in conjunction with the Sun ; after which, she 
passes over, by reason of her daily motion, to the east side of 
the Sun, and we behold her again, a new Moon, as before. In 
changing sides with the Sun, she changes also the direction of 
her crescent. Before her conjunction it was turned to the east ; 
it is now turned towards the west. These different appearances 
of the Moon are called her phases. They prove that she shines 

'^. Explain the cause of the cnanges of the Moon ? 404. How after her first quarterf 
How after her ftillf What change in her crescent? What do the BIoon*e phasea 
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.lut by any li)|?ht of her own ; if she did, being globalar, wo 
ghonld always «ee her a round full orb like the Sun. 

406. The Moon is a satellite to the Earth, about which she 
revolves in an elliptical orbit, in 29 days, 12 hours, 44 minutes, 
and 3 seconds : the time which elapses between one new moon 
and another. -This is called her synodic revolution. Her revo- 
lution from any fixed star to the same star again, is called her 
periodic or sidereal revolution. It is accomplished in 27 days, 1 
hours, 43 minutes, and 11^ seconds ; but in this time, the Earth 
has advanced nearly as many degrees in her orbit ; consequently, 
the Moon, at the end of one complete revolution, must go as 
nmny de^^reos farther, before she will come again into *.he same 
position with respect to the Sun and the Earth. 

smsuAL An> snooio urournovs or thk moos. 
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On the right, the earth Is shown In her orbit, rerolvlng around the wn, and the moon 
in her orbit, rerolring around the earth. At A, the sun and moon are in conjunction^ 
or it is jYmo Moon. As the earth passes from D to E, ttie moon passes around from A to 
B,or the exact point in her orbit where she was 27H days before. But she is still we»t 
of the 8un, and must pass on from B to C, or 1 daj and 20 hours longer, before she can 
again come in conjunction with him. This 1 day and 20 hours constitutes the difference 
between a sidereal and a synodic revofution. 

The student will perceive that the difference between a sidereal and synodic rerdutlon 
<>f the moon, like that between solar and sidereal time, is due to the same cause, namely, 
the rerolntion of the earth around the sun. 

40t. Lying along the Moon's path, there are nine eonspicu- 
ons stars that are used by nautical men for determining their 
longitude at sea, thence called natUical Uars, These stars arc, 
^rutes^ Aldebaran, Pollux, Regulus, Spica Virginis, Antares, 
Altairey Fomalhaut, and Markab, 

The true places of these stars, for every day in the year, are given in the Nautical 
VVmanac, a valnable work published annually by the English " Board of Admiralty ,»• to 
•Q-'de mariners in navigating the seas. They are usually published two or three years in 
wvance, for the benefit of long voyages 

I«t A in the cut represent Greenwich Obserratory, near London. B is the Moon, ami 
V ner apparent pi ace among the distant stars, about 40* west of the star D. The ship B, 
iiaving Greenwich time, as well as her own local time, sails from London westward ; 

♦Ki. Porm of the lunar orbit ? Time of »ynodie revolution ? Of sidereal reyolution f 
^V»t diflerence f 407. What are the nauUcal itartt Can y»u explain howlojgitmie 

•^arirtaiPCfl by them^ 
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bat on obaerring the Moon wbeii, by O reei wk it. 
time, the oufht to be at G, she if found to be at V, or 
onlj about 90* west of the itar D. It is, thereCnre* 
obriont that the 9Mp is wett of Oreenwieh, as tbo 
Moon appears eoH of her Greenwich iriaoe. From 
this difference between her place as laid down in tbe 
tables, and Ler obserred place, as referred to ner- 
tain prominent stars, the mariner determines how 
far he is east or west of the meridian of Greenwidi. 
The Moon's geocentric place (or place as riewed 
from the center of the Earth) may be given instead 
of her Oreenwlch fdace, and the same conclusions 
arrived at. In either case, this is called the lunof 
method of determining the longitude. It is also asoar- 
tained by simple comparison of local and standard 
time, that a man, says Sir John Herschel, by merely 
measuring the Moon's apparent distance from a star, 
with a little portable instrument held in his hand, 
and applied to his eye, even with so unstable a foot- 
ing as the deck of a ship, shall say positively within 
five miles where he is, on a boundless ocean, cannot 
but appear to persons ignorant of physical astronomy 
an ai^roach to the miraculous. And yet, says he 
the alternatives of life and death, wealth and ruin 
are daily and hourly staked, with perfect oonlldence 
on these marvellous computations. 

408. The Moon is the nearest of all the heavenly bodies, being 
ttboat thirty times the diameter of the Earth, or ^39,000 miles, 
distant from as. Her mean daily motion in her orbit is nearly 
fourteen times as great as the Earth's ; since she not only accom- 
panies the Earth around the Sun every year, but, in the mean 
time, performs nearly thirteen revolutions about the Earth. 

Although the apparent motl<m of the Moon in her orbit is greater than that of any 
other heavenly body, since she passes over, at a mean rate, no less than 18* 10' 85' in a 
day ; yet this is to be understood as atiffular motion^— motion in a small orbit — and 
tlierefore embracing a great number of deffrsei^ and but comparatively few miles. 





409. The point in the Moon's orbit 
nearest the Earth is called Perigee, from 
the Greek peri, about, and ge, the earth. 
The point most distant is called Apogee, 
from apo, from, and ge, the earth. These 
two points are also called the apsidts 
of her orbi*^ ; and a line joining them, 
the lint of Iht apsides. 

See the Moon in apogee and perigee in the eat. The 
singular of apsides is apsis. 

410. The line of the apsides of the 
Moon's orbit is not fixed in the ecliptic, 
but revolves slowly around the ecliptic, 



406. The Moon*s distance? Dally motion in orbit? How many degrees? 400 
Perigee and Apogee? Derivation? What other name for these two points? What is 
ibc.^of thespsides? 410. Is this line i " ' ~- " - " 

»c7olut'on» 



stationary? What motion? Its period cf 
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from west to east, in the period **'™* ^ "" amw* 

of aboat nine years. .-i-i^..^ 

In the adjoining cot, an attempt is made to ^♦-^•••'^ * **'' "*V"^*\ 

represent this motion. At A, the line of the L^€rf C -MS J* 

apsides points directly to the right and left ; %t..--* D B **^— *\ 

but at B, C, and D, it is seen changing its if \ 

direction, till at S the change is very percep- // t 

tible when compared with A. But the same ^\,[ AlfSK K^'^^ 

ratio of change continues; and at the end of A^Y'T'E t'^ A-i—dH- 

a year, when the Earth reaches A again, the -<J^ Xjj^ ^^^ 

Une of the apsides is found to have revolved ; K'y • 

eastward to the dotted line I K, or about 40*. \ » H // 

In nine years the aphelion point near A will % ^ * ** •*/ 

have made a complete revolution, and return- (Q^ 



ed to its original position. 

411. The line of the Moon's 
nodes is also in rerolution ; but 
it retrogrades or falls back westward, making the circuit of the 
ecliptic once in about nineteen years. 

412. Though her orbit is an ellipse, ^.T^.w^or- •.. 
with respect to the Earth, it is, in ,..-.ii'®^ 'i C® -V— 
reality, an irregular curve, always :"^® c'^'^ *" ^\ 
concave toward the Sun, and crossing jv?;.^ ^V-.. 
the Earth's orbit every 13° nearly. 4 ^j^ ^] 

If the Earth stood stUl in her orbit, the Moon ' ' ^^ 



would describe just such a path in the ecliptic as f\ \ijj)r : \ 

she describes with respect to the Earth. ^ Q ^ ^ 

If the Earth moved but slowly on her way, the ..^•. -• ^J / 

Moon would actually retrograde on the ecliptic at ^^ w^-" 

tho time of her change, and would cross her own ^ w 4 •. V .* 

path at every revolution, as shown in the adjoin- ^•••-V-A ^- ^•'^'^^•• 

Ing figure. But as the Earth advances 8on)« •.. W-v.-Vy 

4«,000,000 of miles, or near 100 times the diameter '•^•- *'•••• ' 

of the Moon*s orbit, during a single lunation, it la 

evident that the Moon*s orbit never can return into Itself, or retrograde, as here repro* 
eented. 

That the lunar orbit is always concave toward the Sun, may be demonstrated by tba 
above diagram. 

THK MOOX'S OBBIT ALWAYS COKCAVB TOWARD THE SUlf. 



Let the upper curve line A B represent an are of the Earth's orbit, equal tc that 
passed through by the Earth during half a lunation. Now the radius and arc being 
known, it is found that the chord A B must pass more than 400,000 miles within thr 
Earth. But as the Moon departs only 240,000 from the Earth, as shown in the figure, it 
follows that she must describe the curve denoted by the middle line, which is concave 
toward the Sun. 

This subject may be still further illustrated by the following cut : 

41t. How with the line of the Moon's nodes? 412. What is the actual form of tho 
Moon's orbit? How if the Earth stood still ? Bow if she moved but slowly? How if 
iC Moon's orbit demonstrated to be always concave towards the Son? 
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fl( ro U.e plain line represents the Earth's orbit, and the dotted one that of the Moon. 4 ) 
k the Moon crosses the Earth's track 240,000 miles behind her. She gains on the EartI:, 
till in seven dajs she passes Iter at B as a I'tUl Atooni Continuing to gain on the Eartb, 
she crosses Iker orbit at C, 240,000 miles ahead of her, being then at her Third Qunrtsr, 
From this point the Earth gains upon the Moon, till seven days afterward she overtakes 
her at D as a Nev) Moon. From D to E the Eartli continues to gain, till at E the Mo^^n 
crosses 240,000 behind the Earth, as she had done four weeks before at A. Thus the 
Moon w.<nd8 her way along, Arst within and then without the Earth ; always gaining q{»on 
us when outside of our orbit, and falling behind us when within it. 

The small circles in the cut represent the Moon's orbit with respect to the.Earth, whic^ 
t9 as regular <0 m as if the Earth had no revolution around the Sun. 

413. The inooQ never retrogrades on the ecliptic, or retom^ 
anto her own path again ; but is always advancing with the 
Earth, at the rate of not less than 63,200 miles per hoar. 

moon's pith. The Moon's orbitual velocity, with respect, to the^ 

Earth, is about 9800 miles per hour. When outsida 
the Earth, as at B, in the last figure, she oain» 2&<«> 
miles per hour, which added to the Earth's velocitj 
would give 67,900 miles as the hourly velocity of thc- 
Moon. When fvUhin the Earth's orbit, as at D, she 
loeee 2800 miles per hour, which, substracted from 
6%,500 miles (the Earth's hourly velocity), would leave 
63.200 miles as the slowest motion of the Moon iu 
space, even when she is falling behind the Earth. 

Could we look down perpendicularly upon the eclip- 
tic, and see the paths of the Earth and Moon, we should 
see the latter pursuing her serpentine course, first 
within and then outside our globe, somewhat as repre- 
sented by the dotted line in the annexed figure. Her 
path, however, would be concave toward the Sun, a^ 
phown on the preceding page, and not convex, as we 
were obliged to represent it here in so small a diagram. 

414. In her journey ings eastward, the Moon often seems tc 
run over and obscure the distant planets 
and stars. This phenomenon is called 
an occultation. 

The adjoining cut represents- the new Moon as Jns« 
about to obscure a distant star, by passing between 
us and it. In 1S50, she occulted Jupiter for thref 
revolutions in succession — vis., Jan. 80th, Feb. 27th« 
and March 26th. Through a telescope, the Moon if 
seen to be constantly obscuring stars that are Invlsi 
ble to the naked eye. They disappear behind the 
Moon's eastern limb, and in a short time reappear 
from behind her western ; thus disthictly cxhibitUig 
her eastward moUon. 





418. Does she ever retrog'-ade on the ecliptic? What h her slowest motion f Hoi 
Icmonstrtited f 414. What is an occtiUiri:on T Remarks respecting this phenomcnoi 
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41$; The Moon Ee;7olyes once on ber axis exactly In the time 
lliat she perfonns her revolation aroaod the Earth. This is evi- 
dent from Ler always presenting the same side to the Earth ; 
for if she had no rotation upon an axis, every part of her sorface 
wculd be presented to a spjectator on the Earth, in the conrje 
of her synodical revolution. It fol- 
lows, then, that there is but (yrvt day nooM-i wTCLmon. 

and night in her year, containing, — m) 

both together, 29 days, 12 hours, Cj' b ^^ ft) 
44 minutes, and 3 seconds. -^ ^^ 

Siappese a monument erected upon the Moon*c 



/ \ 

€>«= # -4) 



t>- 



Srface, so as to point toward the l^rth at 2/ne 
oon^ as represented at A. From the Earth it 
woukl appear in the Moon's center. Now if the 
Moon so revolre upon her axis, in the direction of 
the arrows, as tu keep the pillar pointing directly 

toward the Earth, as shown at A, B, C, and D, aad ^>^ n^v*' 

the intermediate points, she roust make just one fl 1 ^ n !■) 

revolution on her axis during her periodic revolu- ^-^•.'^•s*. J^ ^-^^ 

tkm. At A, the pillar points /rom the Sun^ and at 
C iotoard him: showing that, in going half-WHj 
round the Earth, she has performed half a reTolu- 
tioa upon her axis. 

416. Though the Moon always presents nearly the same hemi- 
sphere toward the Earth, it is not always precisely the same. 
Owing to the ellipticity of her orbit, and the consequent 
inequality of her angular velocity, she appears to roll a little on 
Her axis* first one way and then the other — thus alternately 
revealing and hiding new territory, l^ooK^l uwutkw. 

as it were, on her eastern and west- 
em limbs. This rolling motion east ...•••€/•.. 

and west is c411ed her libration in .••'' b ^'^^ 

longitnde, tLl %) 

The accompanying cut wHl illustrate the subject 
of the Moon's llbrations in longitude. / \ 

From A around to C, the angular motion is 
aiower than the average, and the diurnal motion J^ M^i\ m^ 

Sins upon it, bO that the pillar points toe^ of the A)-C A Hr -Q A tH ) 

rth, and we see more of the ecutsrn limb of the ^^^ ^SS^^ ^^^ 

moon. ^K5^ 

From C to A, again, the Moon advances ^4<<*r 
than a mean rate, and ffaint upon the diurnal MX ^S 

revolution ; so that the pillar points ea«t of the m) . n mj 

Karth, and we see more of the Moon*8 icenUrn ^^'^^ ^l ,..-^^ 

limb. Thus she seems *^ librate or roll, first *'W ) ' ' 

o ic way and then tL* other, during every periodic ^^ 

revolution. 

At B, we see most of her eastern limb ; and at I), most of ber western. 

417. The axis of the Moon is inclined to the plane of her 
orbit only about one and a half degrees ( 1° 30 10.8 ). But this 

415. How oftev does th9 Moon revolve on her axis! How is it known 7 Whatfollown 
from this factf 416. What are tlie Moon's librations? In Longitude t 417. In 
littUikdet 
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riigfat iQcliiiatHm enables as to see first one pole and then tfafl 
other, in her reTolntion aionnd the Earth. These slight rollinj; 
motions are called her lUrations im laiiiude 

Am Ifte todtwartonofthe luili*! azSs brings fintoiM pole and then the other toward the 
Am, and p co d a eei the aeatone, to the Inctination of the Moon's axis brings first one pele 
and then the other in riew froa the Earth. Bat as her inclinatioa is only IH'i the 
libration in latUnde It TCfy lUfht. 

418. As the Moon tarns on her axis only as she moves aroand 
the Earth, it is plain that the inhabitants of one half of the 
lunar world are totally deprived of the sight of the Earth, unless 
they travel to the opposite hemisphere. This we may presume 
they will do, were it only to view so sublime a spectacle ; for it 
is certain that from the Moon the Earth appears Un times larger 
than any other body in the universe. 

419. As the Moon enlightens the Earth, by reflecting the light 
of the Sun, so likewise the Earth illuminates the Moon, exhibit- 
ing to her the same phases that she does to us, only in a con- 
trary order. And, as the surface of the Earth is 13 times as 
large as the surface of the Moon, the Earth, when full to the 
Mood, will appear 13 times as large as the full Moon does tons. 
That side of the Moon, therefore, which is towards the Earth, 
may be said to have no darkness at all, the Earth constantly 
shining upon it with extraordinary splendor when the Sun w 
absent ; it therefore enjoys successively two weeks of illamina- 
tion from the Sun, and two weeks of earth-light from the Earth. 
The other side of the Moon has alternately a fortnight's light, 
and a fortnight's darkness. 

420. As the Earth revolves on its axis, the several continents, 
seas, and islands, appear to the lunar inhabitants like so many 
spots of diflferent forms and brightness, alternately moving over 
its surface, being more or less brilliant, as they are seen through 
intervening clouds. By these spots, the lunarians can not only 
determine the period of the Earth's rotation, just as we do that 
of the SuD, but they may also find the longitude of their places, 
as we find the latitude of ours. 

421. As the full Moon always happens when the Mood is 
directly opposite the Sun, all the full moouc 'n our winter ^ mast 
happen when the Moon is on the north side of tne equinoctial, 

418. Can aU the Lunarians lee the Earth? IXov l^rge most the appear fr(ni tbt 
Moon ! 419. What said of her light and phases ? How, then, are the two hemUpberef «^ 
the Moon enlightened f 430. How must the Earth appear to the Lunarians, tM vow 
maj they infer from the motion of the spots seen on her surface f 481. Wicre Is »* 
Moon at the full ia winter? In summer? Why? What result as to moonlifht At ^ 
pole* ? 
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'tecaose then the Sun is on the styuih side of it ; consequentlj, at 
the north pole of the Earth, there will be a fortnight's moon- 
light and a fortnight's darkness by turns, for a period of six 
months, and the same will be the fact daring the San*s absence 
the other six months, at the south pole. 

422. The plane of the Moon's orbit is very near that of the 
ecliptic. It departs from the latter only about 5|° (5*^ 8' 48".) 

IKCLISATZOSr or THK MOOH'g OBBIT 10 THK FLAMm OT TBI BCUVTia 




Let the line A B represent the plane of the Ilarth's orbit, and the line Joinlnf^ the Moon 
At C and D iroald represent the inclination of the Moon's orbit to that of the Earth. At 
C the Moon would be loUhin the Earth's orbit, and at O exterior to it ; and it would N* 
Full Moon at D, and 2iew Moon at C. 

428. The Moon's axis being inclined only about 1^° to her 
orbit, she can have no sensible diversity of seasons ; from which 
we may infer, that her atmosphere is mild and uniform. The 
quantity of light which we derive from the Moon when full, is at 
least 300,000 times less than that of the Sun. 

. This is Monsieur Bou<|uer's inference, from his experiments, as stated hj La Place, in 
hif work, p. ^. The result of Dr. Wollaston's computations was different. Professor 
Ueslie malces the light of the Moon 150,000 times less than that of the Sun ; it was for- 
merly reckoned 100,000 times less. 

424. The Moon, though apparently as large as the Sun, is the 
smallest of all the heavenly bodies that are visible to the naked 
eye. Her diameter is but 2162 miles ; consequently her surface 
is 13 times less than that of the Earth, and her bulk 49 times 
less. It would require 61,000,000 of such bodies to equal the 
volume of the Sun. The reason why she appears as large as the 
Sun, when, in truth, she is so much less, is because she is 382 
times nearer to us than the Sun. 

425. When viewed through a good telescope, the Moon pre- 
sents a most wonderful and interesting aspect. Besides the 
large dark spots, which are visible to the naked eye, we perceive 
extensive valleys, shelving rocks, and long ridges of elevated 
mountains, projecting their shadows on the plains below. Single 
mountains occasionally rise to a great height, while circular hoi* 
lows more than three miles deep, seem excavated in the plains. 
I . 

428. How is the Moon's orbit situated with respect to the ecliptic f 428. What is 
the inclination of the Moon's axis, and what effect has it on her seasons and atmosphere f 
Wliat is the amount of light derived from the Moon as compared with the Suu, and ib 
there any difference of opinion on this point? 424. What said of the apparent and 
real diameters of the Moon? Compared with the Earth? The Sun? Why, theot 
appear as large as he does? 43St, How does she appear through a telescope? 
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LUVAB MOUNTAIMt. 




Some idea of ikeae mooataliiB 
may be obtained from the annexed 
cut, wliich musk not* however, be 
understood to represent the exact 
appearance of tbe moon as viewed 
through a telescope. The manner 
in which tbe shadows fall on Uk 
inside of the hollow- circular moon- 
taint (craters) will be perceived, 
and on the left the longr dark sbad- 
ows are represented as they are 
prelected on the plains. 



trqlecl 
The 



Jected in a direction opposite the 
Son, or towards the dark side 
of the moon ; and as her eastern 
limb is darlc from the change to the 
ftill, and her western from the full 
to the change, of course the direc- 
tion of the shadows mnst bs ve- 
Yersed. 

Suppose a person stationed at a 
distance directly over the Andea. 
Before the Sun arose, he woold see 
the tallest peaks enlif^tened ; and 
as he arose, the long .shadows o( 
the mountains would extend to cne 
wM. At noon, however, little or no shadow woold be visible ; but at sunset, they woold 
again be seen stretching away to the ecut. This is precisely the change that Ic 
teen to uke place with the lunar shadows, except that the Ume required is a lunar day, 
equal to about 15 of our days, instead of one of our dajs of 12 hours. 

426. The Moon's mountain soencry bears a striking resem- 
blance to the towering sublimity and terrific ruggedness of the 
Alpine regions, or of the Apennines, after which some of her 
mountains have been named, and of the Cordilleras of our owu 
continent. Huge masses of rock rising precipitously from the 
plains, lift their peaked summits to an immense height in the air, 
while shapeless crags hang over their projecting sides, and seem 
on the eve of being precipitated into the tremendous chasm 
below. 

Around the base of these frightful eminences, are strewed 
numerous loose and unconnected fragments, which time seems to 
have detached from their parent mass ; and when we examine 
the rents and ravines which accompany the overhanging clifls, 
the beholder expects every moment that they are to be torn 
from their base, and that the process of destructive separation 
which he had only contemplated in its effects, is about to be 
exhibited before him in all its reality. 

427. The range of mountains called the Apennines, which 
traverses a portion of the Moon's disc from northeast to south- 
west, and of which some parts are visible to the naked eye, nsea 



426. What said of the Moon's mountain seenery? 
Souliir f 



427. Of the Apennlnea n nw* 
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witii a precipitous and craggy front from the level of the Mart 
Imbrium, or Sea of Showers. In this extensive range ai*e several 
ridges whose sammits have a perpendiealar elevation of foor 
miles, and more; and though they often descend to a roach 
lower level, they present an inaccessible barrier on the northeast, 
while on the southwest they sink in gentle declivity to the 
plains. 

428. There is one remarkable feature in the Moon's surface 
which bears no analogy to anything observable on the Earth. 
This is the circidar cavities which appear in every part of her 
disc. Some of these immense caverns are nearly four miles deep, 
ana forty miles in diameter. They are the most numerous in the 
southwestern part. As they reflect the Sun's rays more 
copiously, they render this part of her surface more brilliant 
than any other. They present to us nearly the same appearance 
as our Earth might be supposed to present to the Moon if all 
oiir great lakes and seas were dried up. 

429. The number of remarkable spots on the Moon, whose 
latitude and longitude have been accurately determined, exceeds 
200. The number of seas and lakes, as they were formerly con- 
sidered, whose length and breadth are known, is between 20 and 
30 ; while the number of peaks and mountains, whose perpen- 
dicular elevation varies from a fourth of a mile to five miles in 
height, and whose bases are from one to seventy miles in length 
is not less than one hundred and fifty. 

Graphical views of these natural appearances, accompanied with minute and femiliar 
descriptions, constitute what is called 6eUnograjphy^ from two Greek words, which mean 
^he same thing in regard to the Moon, as Gtography does in regard to the Earth. 

430. An idea of some of these scenes may be formed by con- 
ceiving a plane of about 100 miles in circumference, encircled by 
a range of mountains, of various forms, three miles in perpen- 
dicular height, and having a mountain near the center, whose 
top reaches a mile and a half above the level of the plain. From 
the top of this central mountain, the whole plain, with all its 
scenery, would be distinctly visible, and the view would be 
hounded only by a lofty amphitheatre of mountains, rearing their 
Bnmmits to the sky. 

431. The bright spots of the Moon are the mountainous 
n^gioDs ; while the dark spots are the plains, or more level parts 
of her surface. There may be rivers or small lakes on this 

428. What remark»Ue feature of the Moon's sorfaee noticed f 429. What numboi 
»' rwnarifaWe spots 1 Of «* seas or lakes ? " Of mountains ? What is Selmography f 
•^ U( -r eoaeMve Jvetl^ of the lanar sceoeiyf 4B1. What are tha brightest spots ae 
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planet ; but it is generally thought, by astronomers of the prcsaen* 
day, that there are no seas or large collections of water, as was 
formerly supposed. Some of these mountains and deep valley* 
are visible to the naked eye ; and many more are visible through 
a telescope of but moderate powers. 

432. A telescope which magnifies only 100 times will show a 
Fpot on the Moon's surface, whose diameter is 1223 yards ; ana 
one which magnifies a thousand times, will enable us to perceive 
any enlightened object on her surface whose dimensions are only 
122 yards, which does not much exceed the dimensions of somie 
of our public edifices, as for instance, the Capitol at Washingtoo. 
or St. Paul's Cathedral. Some years since, Professor Fraoea- 
hofer, of Munich, announced that he had discovered a lunar 
edifice, resembling a fortification, together with several lines of 
road. The celebrated astronomer Schroeter, conjectured the 
existence of a great city on the east side of the Moon, a littk 
north of her equator, an extensive canal in another place, and 
fields of vegetation ir another. 



CHAPTER T. 

SOLAR AND LUNAR ECLIPSES, 

433. Of all the phenomena of the heavens, there are none 
which engage the attention of mankind more than eclipses of the 
Bun and Moon ; and to those who are unacquainted with astro* 
nomy, nothing appears more wonderful than the accuracy with 
which they can be predicted. In the early ages of antiquity, 
they were regarded as alarming deviations from the established 
laws of nature, presaging great public calamities, and other 
tokens of the divine displeasure. 

In China, the prediction and observance of eclipses are made a matter of state polkft 
In order to operate upon the fears of the ignorant, and impose on them a superstitiotu 
regard for the occult wisdom of their rulers. In Mexico, the natives fast and afflict them- 
■elves, during eclipses, under an apprehension that the Great Spirit is in deep solFeraDCO 
Some of the northern tribes of Indians have imagined that the Moon had been wonndcd 
in a quarrel ; and others, that she wai about to be swallowed by a huge fish. 

the Moon*! surface f The dark ones ? 482. How small ofctlects may be seen on tht 
BIoou's surface? What announcement by Frauenhofer? Coojecture of flobro^erf 
488. Subject of Chapter V.? Remark respecting eclipses? Uow regarded ^ t^' 
oncieata? lo China? Mexico? By northern Indiana? Anecdote of Colomboi * 
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Ik was by arailini; hlmtelf of these faperstftioos notions, that OolamboB, irhen iklp- 
vrecked on the island of Jamaica, extricated himself and crew from a most erobarras*> 
log condition. Being driren to great distress for want of prorisions, and the natlrea 
refusing htm any assistance, when all hope seemed to be cat off, he bethought himself of 
their superstition in regard to eclipses. Having assembled the principal men of the 
island, he remonstrated against their inhumanity, as being offensive to the Great Spirit: 
and told them that a great plugue was even then read/ to fall upon them, and as a token 
of it, they would that night see the Moon hide her face in anger, and put on a dreadfully 
iaric and threatening aspect This artibce had the desired effect; for the eclipse had no 
sooner begun, than the frightened barbarians came running with all kinds of provisions, 
and throwing themselves at the feet of Columbus, implored his forgiTsncss.— ^toia{;reiil, 

434. An eclipse of the Son takes place, when the .lark body 
(rf the Moon, passing directly between the Earth and the San, 
intercepts his light. This can happen only at the instant of tuw 
moon, or when the Moon is in conjunction ; for it is only then 
that she passes between ns and the Sun. 

An eclipse of the Moon takes place when the dark body of 
the Earth, coming between her and the Sun, intercepts his light, 
wad throws a shadow on the Moon. This can happen only at the 
time of full moon, or when the Moon is in opposition ; for it is 
only then that the Earth is between her and the Sun. 

435. As every planet belonging to the solar system, both pri- 
mary and secondary, derives its light from the Sun, it must cast 
a shadow towards that part of the heavens which is opposite to 
the Sun. If the Sun and planet were both of the same magni- 
tude, the form of the shadow cast by the planet, would be that 
'^f a cylinder, and of the same diameter as the Sun or planet. 

OTUHDRICIL SHADOW, 





Here the 8un and planet are represented m of the tame «iM, and the shadow of the 
latter is in the form of a cylinder, 

436. If the planet were larger than the Sun, the shadow would 
continually diverge, and grow larger and larger ; but as the Sun 
13 much larger than any of the planets, the shadows which they 
cast must converge to a point in the form of a cone, the length 
of which will be proportional to the size and distance of the 
Vianet from the Sun. 

484. When do solar eclipses occur? Why only then? Lunar? Why only KifuU 
*»oo»f 435. Do all the planets cast shadows? Suppose the Sun and planet were qf 
tkatame fthe, what would be the form of their shadows? 486. What If the planet was 
largest? How as they are smaller than the Sun? How is the length of tlie shadgn* 
iQodked by tbo dvdance of the planet from the Son ? 
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onrnoiSQ tUAOOW, 





In this cut, the opaque body U the larger, and the shadow pnjected firom it Oiv^ 
or groirs more broad as the distance from the |»lanet increases. ^ ^ _^ _ 

If the opaque body is mmMor than the luminous one, the shadow ^o/Mergm 
point. 

oovmoora niDow. 




Here ike ImmUMtme bodf U the targor, and the shadow conrergei to a njint, and tt i • 
the form of a cone. 

The opaque body being smafler than the hunhuraf one, the lengiN of Its shadow will h 
aaodlAed by lU di$lance^ as in the foUowing: 




Here, also, the lamlnons body is the larger, and both precisely or Che p«une sfie tt 1 
(he cut preceding; but being placed nearer each other, the shadow is shown to be edi 
siderably shorter. 

431. All the planets, both primaries and secondaries, cas 
shadows in a direction opposite the Sun (see cat on rext page) 
The form and length of these shadows depend upon the compara 
tive magnitude of the Sun and planet, and their diftance from 
each other. If the Sun and a planet were of the game size, the 
shadow of the planet would be in the form of a ci^^J^r, what- 
ever its distance. If the planet was largtr than the Sun, the 
shadow would diverge, as we proceed from the planet oflF into 
space ; and the nearer the Sun, the more divergent the shadow 
would be. But as the planets are all much smalU^ than the 
Sun, the shadows all convtrgt to a point, and take the form of a 
cont ; and the nearer to the Sun, the shorter their shadows. 

487. Why have the largest and most distant planeta tb« longest ihadovi f Uo aay cT 
the primary planets eollpse each other f 
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SHADOWS OP TBI PULRTS. 




These {Hrinclples are partlj Ulos- 
tntted in the a4joiDing cut The 
^laoeta nearest the Sun have com- 
paratively short shadows, while those 
more remote extend to a great dis- 
tance. No primary, however, casts a 
rtiadow long enough to reach the nest 
exterior planet. 

The magnitude of the San is such, 
that the shadow cast by each of the 
primary planets always converges to 
a point before it reaches any other 
planet; so that not one of the pri- 
mary planets can eclipse another. 
The shadow of any planet which is 
accompanied by Sateilites, may, on 
certain occasions, ec'ipse its Satel- 
lites; but it is not long enough to 
eclipse ai;y other body. The shadow 
of a satellite or Moon, may also, on 
certain occasions, fall ou the primary, 
and eclipse it. 



438. When the Sun is at his greatest distance from the Earth, 
and the Moon at her least distance, her shadow is sufficiently 
long to reach the Earth, and extend 14,000 miles beyond. 
When the San is at his least distance from the Earth, and the 
Moon at her greatest^ her shadow will not reach the Earth's sur- 
face by 20,000 miles. So that when the Sun and Moon are at 
their mean distances, the cone of the Moon's shadow will termi- 
nate a little before it reaches the Earth's surface. 

In the former case, if a conjunction take place when the center of the Moon comes in a 
direct line between the centers of the Sun and Earth, the dark shadow of the Moon will 
fall centrally upon the Earth, and cover a circular area of 175 miles in diameter. To all 
places lying within this dark spot, the Son will be totally eclipsed, as illustrated by the 
figure. 

439. Eclipses of the Sun must always happen at New Moon, 
and those of the Moon at Full Moon, The reason of this is, 
that the Moon can never be between us and the Sun, to eclipse 
him, except at the time of her change, or New Moon ; and she 
can never get into the Earth's shadow, to be eclipsed herself, 
except when she is in opposition to the Sun, and it is Full 
Moon 

' 440. If the Moon's orbit lay exactly in the plane of the eclip- 
tic, she would eclipse the Sun at every change, and be eclipsed 
herself at every full ; but as her orbit departs from the ecliptic 
over 6° (422), she may pass either above or below the Sun at 

488 What is the length of the Moon's shadow when she is nearest the Earth and 
farthest from the Sun? What when nearest the Sun and farthest from the Earth? 
WhAt when th? Sun and Moon are at their mean distances f 489. At what time of the 
>Ioou<^o urlar eclipses always occur! Lunar? Why? 440. Why not two solar and 
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the time of her chan^, or above or below the Earth^s shadow 
at the time of her full. 

VKW AXD rOLL MOOV8 WITHOUT WCUnWO. 
Ittadow uhmitt cSm EmUl. Abo^« the EartVn ihadtnr. 




SbMiow below the Ekrth. BaIow the Eiirth's ahadow. 

I^t the line Joining the Earth and the Son represent the plane of the ecliptic. Now &a 
Ui) orbit of the Moon departs fk'om this plane al>out 5* 9', she maj appear either tt^bove 
or 'ntlato the Sun at New Moon, as represented in the figure, and her shadow may fall 
above the north pole or below the south. At such times, then, there can be no sclar 
eclipse. 

On the right, the Moon is shown at her f^U, both abore and below the Earth's shadow. 
In which case there can be no lunar eclipse. 

441. As the Moon passes from one of her nodes to the other 
in 173 days, there is just this period between two successive 
eclipses of the Sun, or of the Moon. In whatever time of the 
year, then, we have eclipses at either node, we may be sure that 
in 173 days afterwards, we shall have eclipses at the other node. 

As the Moon's nodes fall back, or retrograde in the ecliptic, at the rate of 19^* every 
jrear, thej will complete a backward revolution entirely around the ecliptic to the same 
point again, in 18 years, 225 days ; in which time there would always be a regular period 
of eclipses, if any complete number of lunations were finished without a remainder. But 
this never happens ; for if both the Sun and Moon should start from a line of conjunction 
with either of the nodes in any point of the ecliptic, the Sun would perform 18 annnaS 
revolutions and 222" of another, while the Moon would perform 280 lunations, and S5* of 
another, before the node would come around to the same point of the ecliptic again ; so 
that th« Sun would then be 188* firom the node, and the Moon 85' from the Sao. 

liut after 223 lunations, or 18 years, 11 days, 7 hours, 42 minutes, and 81 seconds, the 
Sun, Moon, and Earth, will return so nearly in the same position with respect to each 
other, that there will be a reffular return of the same eclipses Jbr many ages. This 
grand period was discovered by the Chaldeans, and by them called Saros. If, therefore, 
to the mean time of any eclipse, either of the Sun or Moon, we add the Chaldean period 
of J 8 years and 11 days, we shall have the return of the same eclipse. This mode of pre- 
dicting eclipses will hold good for a thousand years. In this period there are usually 70 
eclipses ; 41 of the Sun and 29 of the Moon 

442. The diameter of the Earth's shadow, at the distance of 
the Moon, is nearly three times as large as the diameter of the 
Moon : and the kfiigth of the Earth's shadow is nearly four times 
as great as the distance of the Moon ; exceeding it in the same 
ratio that the diameter of the Earth does the diameter of the 
Moon, which is as 3.663 to 1. 

443. The number of eclipses in any one year, cannot be less 
than two, nor more than seven. In the former case, they will 

tt70 lunar eclipses every lunar month! 441. now often may eclipiies occur at oppo- 
site nodes f What cycle of eclipses described? Number of eclipses in this cycle? 
t^. What is the diameter oi the Earth's shadow ai the distance of the Moon f 448. 
What number of eclipses may oi'cur in any one yearT U bat two, what will they bef 
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both be of the Sun ; ftnd in the latter, there will be five of the 
Sun, and two of the Moon — those of the Moon will be total 
There are sometimes six ; but the asaal number is four : two of 
the Sun, and two of the Moon. 

The cause of this variety is thus accounted for. Although the Sun usually paisei 
bj both nodes onlj once ia a year, he may pass the same node again a little before 
the end of the year. In consequence of the retrograde motion of the Moon's nod<i, 
he will come to either of them 178 days after passing the other. He may, there 
ibre, return to the same node in about 846 days, having thus passed one node Ucice^ and 
Die other once., malcing each time, at each, an eclipse of both the Sun and the Bloon, or 
tiat it. all. And since 12 lunations, or 854 days from the JlrU eclipse, in the beginning of 
the y«.ar, leave room for another New Moon before the close of the year, and since this 
New Moon may fall within the ecliptic limit, it is possible for the Sun to be eclipsed again. 
Tims there may.be 9ef)en eclipses in the same year. 

444. Eclipses of the Sun always come on from the west, and 
pass over eastward ; while eclipses of the Moon come on from 
the east, and pass over westward. 
This is a necessary result of the 
eastward motion of the Moon in 
her orbit. 



SOLAm ■CUP8B. 





ujiiAi Bcurai. 



In the right hand cut, the Moon Is seen 
revolving eastward, throwing her shadow u|>on 
the Earth, and hiding the western limb of the 
Sun. In some instances, however, when the 
eclipse is very slight, it may first appear on the 
northern or HOtUhem iinib of the Sun — that is, 
the upper or lower side; but even then its 
direction must be ft'om west to east. It will 
also be obvious from this figure, that the sha- 
dow of the Bloon upon the Earth must also tra^ 
verse her surface from west to east; conse* 
quently the eclipse will be visible earlier in the 
west than in the east. 

On the left, the Moon Is seen striking Into 
the Earth's shadow from the west, and having 
her eastern limb first obscured. By holding the 
book up south of hira, tlie student will see at 
once why the revolution of the Moon eastward 
must cause a solar eclipse to proceed from west 
to east, and a lunar eclipse from east to west. 
To locate objects and motions correctly, the 
student should generally imagine himself look- 
ing to the south, as we are situated north of the 
equinoctial. The student should bear in mind 
that nearly all the cuts in the bo-tk are drawn 
to represent a view from northern latitude 
upon the Earth. Hence, by holding the book 
up satith of him, the cuts will generally afford 
an accurate illustration both of the positions 
and motions of the bodies represented. 

445. The time which elapses between two successive changes 
of the Moon is called a Lunation, which, at a mean rate, is about 





Visvcn? What is the usual number f Can yon explain the cause of (hit rtoMjf 
44i Hliat is the direction of a solar eclipse? A lunar? Why this difference? 415. 
WhAt b a lumition t What would be the effect if the solar and lunar months wer« 
tqual \ What result from the existing inequality? 



B.G. 



10 
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29i days. If 12 lanar months were exactly equal to the 12 solui 
months, the Moon's nodes would always occupy the same points 
nuthe ecliptic, and all eclipses would happen in the same months 
tfi the year, as is the case with the transits of Mercury and 
Venus : but, in 12 lunations, or lunar months, there are only 
354 days ; and in this time the Moon has passed through both 
her nodes, but has not quite accomplished her revolution around 
the Sun ; the consequence is, that the Moon's nodes fall back iu 
the ecliptic at the rate of about 19^° annually ; so that the 
eclipses happen sooner every year by about 19 days. 

446. Eclipses can never take place, except when the Moon 
is near the ecliptic ; or, in other words, at or near one of her 
nodes At all other times, she passes above or below the Sun, 
and also above or below the Earth's shadow. It is not neces- 
sary that she should be exactly at her node, iu order that an 
eclipse occur. If she is within 17° of her node, at the time of 
her change, she will eclipse the Sun ; and if within 12° of her 
node at her full, she will strike into the Earth's shadow, and be 
more or less eclipsed. These distances are called, respectively, 
the solar and lunar ecliptic limits. 

This su^ect may be understood by consulttng the following figure . 

THB MOON CRASQIIIO AT DirFBRKNT DISTAHCSS fBOM HBK NODRS. 



M^aiBHMap^^B^K g^^g^g; -»— 1 ' 



Let the line E E represent the ecliptic, and the line O the plane of the Moon's 
orbit. The light globes are the Sun, and the dark ones the Moon, which may be imagined 
as much nearer the student ; hence their apparent diameter is the same. 

Let the point k represent the node of the Moon's orbit. Now if the change occur 
when the Muon is at B, she will pass belotp the Sun. If when at C, she will just touch his 
lower limb. At C, she will eclipse him a' little, and so on to A; at which point, if the 
change occurs, the eclii>8e would be central, and probably total. 

If the Moon was at G, H, I, or J, in her orbit, when the change occurred, she would 
eclipse the upper or northern limb of the Sun, according to her distance ftrom her node 
at the time ; but if she was at K, she would pass above the Sun, and would not eclipse 
him at all. The points C and J will represent the iSolar Ecliptic lAmita. 

The mean ecliptic limit for the Sun is 16 Ji* on each side of the node ; the mean eclip* 
';ic limit for the Moon is lUH* on each side of the node. In the former case, then, there 
are 83 degrees about each node, making, in all, 66* out of 860*, in which eclipses of tti« 
Sun may happen ; in the latter case there are 21* about each node, making, in all, 18* 
out of 860* in which eclipses of the Moon usually occur. The proportion of the 8'4ar t<i 
the lunar eclipses, therefore, is as 66 to 42, or as 11 to 7. Yet, there are more vii^blo 
''olipses of the Moon, at any given place, than of the Sun ; because a lunar eclipse ii 
visible to a whole hemisphere, a solar eclipse only to a small portion of it. 

447. All parts of a planet's shadow are not alike dense. The 

446. Where must the Moon be, with respect to the ecliptic and her nodes, in order to 
•D eclipse ? What meant by ecliptic limits t Name the distance of each, respeotively, 
flrom the node. Illustrate. 417. What is the umbra of the Earth or Mooq? Ilr 



Digitized by V^OOQ IC 



SOLAR AND LUNAR ECLIPSES. 221 

darkest portion ih called the umbra, and the partial shadow* the 
venumhra, 

VMBKA AMD fMUIUUt A CT TBI BABIB AID MOOS. 




PtfnvmJ^ra Is from the Latin p^ru^ ahnott^ and umbniy a ihadow. In this cut, the 
Earth's umbra and penurobH will be readily found by the lettering ; while A is the umbra, 
and B B the penumbra, of the Moon. The latter is more broad than it should be, owing 
to the nearness of the Sun in the cut, as it never extends to much over half the Earth's 
diameter. The student will see at once that solar eclipses can be total only to persons 
Tithin the umbra ; while to all on which the penumbra falls, a portion of the Sun's disc 
will be obscured. 

448. The average length of the Earth's umbra is about 
860,000 miles ; and its breadth, at the distance of the Moon, is 
about 6500 miles, or three times the Moon's diameter. 

As both the Earth and Moon revolve in elliptical orbits, both the above estimates are 
subject to variations. The length of the Earth's umbra varies from 848v^n to 871,862 
miles ; and its diameter, where the moon passes it, varies from 9885 to 6865 miles. 

449. The average length of the Moon's umbra is about 
239,000 miles. It varies from 221,148 to 252,638 miles, 
according to the Moon's distance from tlie Sun. Its greatest 
diameter, at the distance of the Earth, is 130 miles ; but tlie 
penumbra may cover a space on the Earth's surface 4850 miles 
in diameter. 

When the Moon but just touches the iimb of the Sue, or the 
nmbra of the Earth, it is called an appulse (see and J in tlie 
cut on the opposite page). 

460. A partial eclipse is one in which only part of the Sun or 
Moon is obscured. A solar eclipse is partial to all places 
outside the umbra ; but within the umbra, where the whole 
disc is obscured, the eclipse is said to be total. A central eclipse 
is one taking place when the Moon is exactly at one of her nodes. 
If lunar y it is total, as the Earth's umbra is always broad enough, 
at the Moon's distance, if centrally passed, to obscure her whole 
disc. But a solar eclipse may be central and not total, as the 
Moon is not always of sufficient apparent diameter to cover tho 

venumbrat Derivation? Within which are solar eclipses total? 448. The average 
length of the Earth's siiadow ? Breadth at the Moon's distance ? Do they vary ? Why? 
i4d. Average length of the Moon's umbra? Does it vary? Why? Greatest diametei 
at the Earth's surface? Of penumbra? What is an appuiMf 450. A parU*U 
eclipse? ktotalt Koeniralf Are aU central scUpses total? Why net? WbateolU^ 
tlicar Why? 
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whole disc of the San. In that case, the eclipse would be 
annular (from annulus, a ring), because the Moon only hides the 
ucnter of the Sun, and leaves a bright ring unobscured. 



raooRBM or a cbntril bcupsb. 



Ooinrofli 




451. It has already been shown that the apparent magni- 
tudes of bodies vary as their distances vary ; and as both the 
Earth and Moon revolve in elliptical orbits, it follows that the 
Moon and Sun must both vary in their respective apparent mag- 
nitudes. Hence some central eclipses of the Sun are total, 
^ hiie others are partial and annular. 

TOTAL AMD AHMULAR KCUPSKS OF TBB 8UH 




At A, the Earth fi at her aphelion^ and the Sun being at his most distant point, will 
viave his Ua«t apparent magnitude. At the same time, the Moon is in perigee, and 
Jippears larger than usual. If, therefore, she pass centrally over the Sun's disc, the 
eclipse will be total. 

At B, this order is reversed. The Earth Is at her perihelion, and the Moon in apogee; 
to that the Sun appears larger, and the Moon smaller than usual. If, then, a central 
eclipse occur under these circumstances, the Moon will not be large enough to eclipse tlie 
whole of the Sun, but will leave a ring, apparently around herself, unobscured. Such 
eclipse will be annuiar. 

452. The greatest possible duration of the annular appearance 
of a solar eclipse, is 12 minutes and 24 seconds; and the greatest 
possible time during which the Sun can be totally eclipsed, to 
any part of the world, is 7 minutes and 58 seconds. The Moon 
may continue totally eclipsed for one hour and three quarters. 

553. As the solar ecliptic's limits are further from the Moon's 
nodes than the lunar, it results that we have more eclipses of 
the Sun than of the Moon. There may be seven in all in one 

451. Why are h^J^^i c«titral eclipses total, and others partial and annular? 453. 
How long may an annnUu eclipse continue ? A tottU eclipse of the Sun f Of the MooiiY 
(58. Which kind of eclipues is most frequent? Wliy? The greatest number in a y^sur f 
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^ear, viz., five solar and two lanar ; but the most asaal number 
IS four. There can never be less than two in a year ; in which 
case, both must be of the Sun. Eclipses both of the Sun and 
Moon recur in nearly the same order, and at the same intervals, 
at the expiration of a cycle of 223 lunations, or 18 years of 365 
days aud 15 hoars. This cycle is called the Period of thi 
Eclipses, At the expiration of this time, the Sun and the 
Moon's nodes will sustain the same relation to each other as at 
the beginning, and a new C3'^cle of Eclipses begins. 

454. lu a total eclipse of the Sun, the heavens are shrouded 
in darkness, the planets and stars become visible, the tempera- 
ture declines, the animal tribes become agitated, and a general 
gloom overspreads the landscape. Such were the effects of the 
great eclipse of 1806. In a lunar eclipse, the Moon begins to 
lose a portion of her light and grows dim, as she enters the 
Earth's penumbra, till at length she comes in contact with the 
umbra, and the real eclipse begins. * 

455. In order to measure and record the extent of eclipses, 
the apparent diameters of the . Sun and Moon are divided into 
twelve equal parts, called digits; and in predicting eclipses, 
astronomers usually state which '* limb " of the boiiy is to be 
eclipsed — the southern or northern — the time of tijj first con- 
tact, of the nearest approach of centers, direction, And numbei 
of digits eclipsed. 

nVK DI0IT3 BCUPSED. VWBLVB DIOITB. 





<S3:r^' 



456. The last annular eclipse visible in the United States, 
occurred May 26, 1854. The next total eclipse of the Sun will 
be August 7, 1869. 

Some of the ancierts, and all barbarous nations, formerly 
regarded eclipses with amazement and fear, as jiupernatural 
events, indicating the displeasure of the gods. Co aiubus is said 

How many of each ? Least number, ar d which ? Usaal number f What said of thv 
order of eclipses? Time of cyclt? 464. Describe the effects of t total eclipse of the 
i^n. The process of a lunar eclipse? 455. How a/e eclipses men .ared and recorded? 
>50. When th« next aniiular eclipse visible in this country ? The ntzt total ? How have 
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to hare made a Terj happj use of this siperstitioii, as aircadj 
stated on a previous page. (Art. 433.) 

457. £clipses can be calculated with the greatest precisioo, 
oot oulj for a few years to come, but for centuries and ages 
either past or to come. This fact demonstrates the truth of the 
Copernican theory, and illustrates the order and stability that 
everywhere reign throughout the planetary regions. 

The following Is a list of all tbo solar eellpses ylstble in Europe and America ftom 
1858 to the close of the present oentur7. To those visible in New England, the namlier 
of digits is annexed. 



Tear. 


Month. 


Day and hoar. 


Digits. 


Tear. 


Month. 


Day and hour. 


Digits. 


J868. 


Mar. 


15 6 14 A. M. 


IH 


1678. 


July 


29 4 56 P. M. 


7H 


IdW. 


July 


29 5 83 P. M. 


sx 


1879. 


July 


19 2 A. M. 




1S6U, 


July 


18 7 28 A. M. 


6H 


18S0. 


Dec. 


81 7 80 A. H. 


^% 


1861. 


Dec. 


81 7 80 A. M. 


4^ 


1882. 


May 


17 1 A. M. 




1868, 


May 


17 1 P. M. 




1885. 


Mar. 


16 85 A. M. 


6H 


1865, 


Oct: 


19 9 10 A. M. 


85i 


1886. 


Aug. 


29 6 80 A. M. 


OK 


1866, 


Oct. 


8 11 12 A. M. 


' 


1887, 


Aug. 


18 10 P. M. 




1867. 


Mar. 


6 8 A. M. 




1890; 


June 


17 8 A. M. 




1868, 


Feb. 


28 10 A. M. 




1891. 


June 


6 Mer. 




1869, 


Aug. 


7 5 21 A. M. 


10)4 


1892. 


Oct. 


20 19 P. M. 


8H 


1870, 


Dec. 


22 6 A. M. 




1895. 


Mar. 


26 4 A. M. 




1878. 


May 


26 8 A. M. 




1896, 


Aug. 


9 Mer. 




1874, 


Oct. 


10 4 A. M. 




1897, 


July 


29 9 8 A. M. 


<H 


1875, 


Sept. 


29 5 56 A. M. 


IIH 


1899; 


June 


8 Mer. 




1876, 


Mar. 


25 4 11 P. M. 


Z% 


1900, 


May 


28 3 9 A. M. 


U 



The eelipses of 1869, 187S, and 1900 wiU b« Tory large. In those of 1873, 187& and 

That of 1875 will be CMmvlar, The scholar can contfaine this table, or ooctcnd It Mob 
«ar)*% by adding or substracting the Chaldean period of 18 years, 11 days, 7 henn, 54 
minutes, and 81 seconds. 



CHAPTER VL 

PEIMARY PLANETS CONTINUED— MARS AND THE 
ASTEROIDS. 

458. Mars is the first of the exterior planets, its orbit lying 
immediately without, or beyond, that of the Earth, while those 
of Mercury and Venus are within. He appears, to the naked 
eye, of a fine ruddy complexion ; resembling, in color, and appa- 

the ignorant and superstitious regarded eclipses 7 457. What said of the calculatioo ol 
eclipses 7 What does this demonstrate and illustrate? 458. Position of Man'ocbUf 
Row does he appear to the naked eye? When most brilliant 7 When least? 
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rent magnitade, the star Antares, or Aldebaran, near which it 
rreqaently passes. It exhibits its greatest brilliancy about the 
time that it rises when the Sun sets, and sets when the Sun 
rises ; because it is then nearest the Earth. It is least brilliant 
when it rises and sets with the Sun ; for then it is five times farther 
removed from us than in the former case. 

459. Its distance from the Earth at its nearest approach is 
about 33,000,000 of miles. Its greatest distance from us is 
about 245,000,000 of miles. In the former case, it appears more 
than 50 times as large as in the latter. When it rises before the 
Sun, it is our morning star ; when it sets after the Sun, it is our 
evening star. 

The diBtaace of tbe interior planets fh>iu the earth, raries within the limits of the 
diameters of their re»p<*ctlve orbits; for when a planet Is in thnt part of its orbit which 
is nearest the Earth, it is evidently nearer by tbe whole diameter of its orbit, than it is 
when at a point oppobite, on the other side of its orbit. The eaUrior planets vary iu 
distance within the limits of the diameter of the Earth^s orbit. 

460. Mars is sometimes seen in opposition to tbe Sun, and 
sometimes in superior conjunction with him ; sometimes gibbous, 
but never horned In conjunction, it is never seen to pass over 
the Sun^s disc, like Mercury and Venus. These prove not only 
that its orbit is exterior to the Earth's orbit, but that it is an 
opaque body, shining only by the reflection of the Sun. 

461. The motion of • Mars through the constellations of the 
zodiac is but little more than half as great as that of the Earth ; 
it being generally about 57 days in passing over one sign, which 
is at the rate of a little more than half a degree each day. Thus, 
if we know what constellation Mars enters to-day, we may con- 
clude that two months hence it will be in the next constellation ; 
four months hence, in the next ; six months, in the next, and 
80 on. 

Its mean sidereal revolution is performed in 686.9796458 solar days ; or In 686 days, 2fl 
hours, 80 minutes, 41.4 seconds. Its eynodicai revolution is performed in 779.1^ soUr 
days ; or in 779 days, 22 hours, 27 minutes, and 60 seconds. 

462. Mars performs his revolution around the Sun in one 
year and 10^ months, at the distance of 140,000,000 of miles ; 
moving in its orbit at the mean rate of 53,000 miles an hour. 
Its diurnal rotation on its axis is performed iL. 24 hours, 39 

459. Its distance from the Earth P Wl.at effect upon its apparent magnitude f When 
«iorning and evening star f How do the distances of thft planets from the Earth vary V 
Their apparent diameters ? 460. Is Mars ever in oppoeition to the Sun f In ccnjunc- 
tionf Its phases? Does it ever transit tbe Sun ? What do these facts prove Y 46i. 
What is his rate of motion through the constellations r What calculation based upon it ? 
462. His periodic time f Distance from the Sun? Mean rate of motion per houi? Tim<. 
of rotation on his axis ? How does his day compare with ours 7 
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inmntes, and 21) seconds ; which makes its day about 44 miiintes 
longer than ours, 

463. Its form is that of an oblate spheroid, whose polar dia- 
meter is to its equatorial as 55 is to 56, nearly. Its diameter is 
4,300 miles. Its bulk, therefore, is 7 times less than that of the 
Earth ; and being nearly 50,000,000 of miles farther from the 
Sun, it receives from him less than half as much light and heat. 

464. The inclination of its axis to the plane of its orbit, is 
about 28 1°. Consequently, its seasons must be very similar to 
those of the Earth. Indeed, the analogy between Mars and the 
Earth is greater than the analogy between the Earth and any 
other planet of the solar system. Their diurnal motion, and of 
course the length of their days and nights, are nearly the same ; 
the obliquity of their ecliptics, on which the seasons depend, are 
not very different ; and, of all the superior planets, the distance 
of Mars from the Sun is by far the nearest to that of the Earth ; 
nor is the length of iU year greatly different from ours, when 
compared with the years of Jupiter, Saturn and Uranus. 

465. To a spectator on this planet, the Earth will appear 
alternately, as a morning and evening star ; and will exhibit all 
the phases of the Moon, just as Mercury and Venus do to us ; 
and sometinies like them, will appear to pass over the Sun's disc 
like a dark round spot. Our Moon will never appear more than 
a quarter of a degree from the Earth, although her distance from 
it is 239,000 miles. If Mars be attended by a satellite, it is too 
small to be seen by the most powerful telescopes. 

When it is considered that Vesta, the smallest of the asteroids, which is once and •! 
kal/tivwB the distance of Mars from us, and only 209 miles in diameter, is perceivable 
in the cpen space, and that without the presence of a more conspicuous body to pcii.t it 
out, we may reasonably conclude that Mars is without a Moon. 

466. The progress of Mars in the heavens, and indeed of ali 
the superior planets, will, like Mercury and Venus, sometimet* 
appear direct, sometimes retrograde, and sometimes he will seem 
stationary. The portion of the ecliptic through which a planei 
seems to retrograde is called the Arc of Retrogradation, Tht 
more remote the planet the less the arc, and the longer the time 
of its retrogression. These retrograde movements and stations, 
as they appear to a spectator from the Earth, are common to 
all the planets, and demonstrate the truth of the Copernican 

468. Form of Mars ? Diameter? Bulk? Ligrht and heat? 464. IncIinaUon cf his 
txis to the plane of his orbit? His seasons? Uesemblance to our globe? 465 Uow 
rould the Earth appear to a 8i>ectator upon Mars ? Our Moon ? Has Mars a satellite? 
HM. What said of the motions of Murs nnd the other planets? What coustitutes *h.*i 
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RBTROGRADI HOTIOH OF TBI KXTKBIOR PLAMBTS. 
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D 
Suppose the Earth at A, and the planet Neptune at B, he would then appear to be at C. 

among the stars ; but as Neptune moves but a little from B toward F, while the Earth b 

passing from A to D, Neptune will appear to retrograde from C to E. Whatever Neptune 

may have movecK however, from B toward F, will go to reduce the amount of apparen* 

retrogression. 
It is obvious firom this figure^ that the mere distant an exterior planet is, and the slower 

it moves, the les8 will be its arc of retrogradation, and the longer will it be retrograding. 

Neptune appears to retrograde 180 days, or nearly half the year. 
The following table exhibits the amownt of arc and the Htne of the retrogradation of 

the principal planets : 



Mercury 18 J<* 

"Venus 16 

Mars 16 

Jupiter ..^ 10 

Saturn 6 

Uranus 4 

Neptune 1 



. is 



7S 
121 



IM 
180 





TELB800PIO IPPBARAMCBB OF MARS. 
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The right-hand figure reprcs^^nts Mars as seen at the Cincinnati Observatory, Auguat \ 
1845. On the SOth of the same month he appeared as represented on the left, las' 
middle view is from a drawing by Dr. Dick. 

46t. The telescopic phenomena of Mars afford peculiar interest 
to astronomers. They behold its disc diversified with numerous 
irregular and variable spots, and ornamented with zones and 
belts of varying brilliancy, that form, and disappear, by turns. 
Zones of intense brightness are to be seen in its polar regions, 
subject, however, to gradual changes. That of the southern 
pole is much the most brilliant. Dr. Herschel supposes that 
they aro produced by the reflection of the Sun's light from tho 
^ozen regions, and that the melting of these masses of polar ice 
is the cause of the variation in their magnitude and appearance. 

Are of ftftrogradatifm T '.Vhat do these motions prove? 467. How does Mari appoar 
*«)rough a tc'Iesco|»e? Dr. Her8chel*8 opinion of its polar reg«'^n»«f H'^w con' nn-U |ii 
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A* WM tti« more eoaflrraed in th«M oplniooi bj obsenrlng that after the exposure «r 
ihe lumiDOUt tone about the north pole to a tummer of eight months, it waa considerably 
-^tftforMfMci, while that on the south pole, which had been in total darkness during eigiit 
months, had considerably inorea§ifd. He observed, farther, that when this spot vai 
most luminous, the disc of Mars did not appear exactly rounds and that the bright purt 
•f its southern limb seemed to be swollen or arched out beyond the proper curve. 

468. The extraordinarj height and density of the atmosphere 
of Mars, are supposed to be the cause of the remarkable redness 
of its light. It has been found, by experiment, that when a 
beam of white light passes through any colorless transparent 
medium, its color inclines to red, in proportion to the density of 
uhe medium, and the space through which it has traveled. Thus 
the Sun, Moon, and stars, appear of a reddish color when near 
the horizon ; and ev^ry luminous object, seen through a mist, is 
of a ruddy hue. 

This phenomena may be thus explained :— The momentum of the red, or least refrangi- 
ble rays, being greater thab that of the violet, or most refrangible rays, the former wil* 
make their way through the resisting medium, while the latter are either reflected or 
absorbed. The color of the 6«am, therefore, when it reaches the eye, must partake of 
the color of the least refrangible rays, and this color must increase with the distance. 
The dim light, therefore, by which Mars is illuminated, having to pass Office through ita 
atmospheie before it reaches the Earth, must be deprived of a great proportion of it^ 
violet rays, and consequently then be red. Dr. Brewster supposes that the diflference oi 
color among the ether planets, and even the fixed start la owing to the dilEerent heif^ts 
and densities of their atmospheres. 



THE ASTEROIDS, OR TELESCOPIC PLANETS. 

469. Ascending higher in the solar system, we find, between 
the orbits of Mars and Jupiter^ a numerous cluster of small plan- 
ets, which present a variety of anomalies that distinguish them 
from all the older planets of the system. The fii*st of these, 
namely, Ceres, was discovered by Piazzi, at Palermo, January 1, 
1801 ; and three others, namely, Pallas, Juno, and Vesta, have 
been known since 1807. More than one hundred of these plan- 
ets have been discovered since that time, the greater part of 
them since 1853. [See Table, p. 231.] 

470. The scientitic Bode entertained the opi^on, that the 
planetary distances, above Mercury, formed a geometrical series, 
3ach exterior orbit being double the distance of its next interior 
one. from the Sun ; a fact which obtains with remarkable exact- 
ness between Jupiter, Saturn, and Uranus. But this law seemed 
to be interrupted between Mars and Ju[)iter. Hence he inferred, 
that there was a planet wanting in that interval ; which is now 

this opi. Ion f 46$. Supposed cause of the ruddy color of Mars f Phtlc'ftophical expU- 
nation f Dr. BrewHter*s opinion ? 469. Position and numi cr of the asteroids ? Wheo 
lisoovcrdf 470. Bode'd ihcoryf What seeming in terru.Uion? What coodusioE * 
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ttappily supplied by the discovery of the numeroos star-form 
planets, occupying the very space where the unexplained vacancy 
i>rcseuted a strong objection to his theory. 

Accordiog to Bode, the distances of the pUnets maj be expresMd nearlj u f<41o«i : the 
Earth's distance from the Sun being 10. 

Mercury 4 = 4 1 Asteroids 4+8x23 s 88 

VenuH 4+8x1 = 7 1 Jupiter 4+3x2^ = M 

The Earth 4+3.x2 = lOlSaturn 4+8x3'* = luO 

tfars 4+8 x2i = lejUerschel 4+8x2^ = 198 

Comparing these ralues with the actual mean distances of the planets from the Sun, 
vt cannot but remark the near agreement, and can scarcely hesitate to pronounce that 
the respective distances of the planets from the Sun, were assigned according to a law, 
although we are entirely ignorant of the exact law, and of the reason fcr that Uw.— 
BHnJaey*8 EtemewU^ p. 89. 

471. The Asteroids are much smaller in size than the older 
planets — they all revolve at nearly the same distances from the 
Sun, and perform their revolutions in nearly the sanu periods— 
^.heir orbits are much more eccentric, and have a much greater incU- 
tuition to the ecliptic — and what is altogether singular, except in 
^.he case of comets — some of their orbits cross each other ; sp that 
';here is even a possibility that two of these bodies may, some 
'Ame, in the course of their revolutions, come into collision. 

The orbit of Yesta is so eccentric, that she is sometimes 
farther from the Sun than either Ceres, Pallas, or Juno, although 
her mean distance is many millions of miles less than theirs. The 
orbit of Vesta crosses the orbits of several other asteroids, in 
two opposite points. 

The student should here refer to the Figures, Map I. of the Atlas, and rerifj s*ich of 
those particulars as are there represented. It would be well for the teacher to require 
him to observe particularly the positions of their orbits; and to state their different 
degrees of inclination to the plane of the ecliptic. 

472. From these and other circumstances, many eminent 
astronomers are of opinion, that these telescopic planets arc 
the fragments of a large celestial body which once revolved 
between Mars and Jupiter, and which burst asunder bj some 
tremendous convulsion, or some external violence. The dis- 
covery of Ceres, by Piazzi, on the first day of the present cen- 
tury, drew the attention of all the astronomers of the age to 
that region of the sky, and every inch of it was minutely explor- 
ed. The consequence was, that in the year following, Dr. Olbers, 
of Bremen, announced to the world the discovery of Pallas, 
situated not many degrees froi» Ceres, and very much resembling; 
it in size. 

Uow substantially Ju^wifledf 471. Siae of the asteroids r Distance firom tho SuuV 
Periodic time? Forms uf their orbits? Position with respect tu tbe ecliptk WhH* 
»ther singularity in their orbits ? What remarkable facta respecting the crbic o. V<i»tA V 
122. Wbul conclusion has been drawn fron* these facts? Progrtis« oi discovery? 
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413. From this discovery, Dr. Olbcrs first conceived the idei: 
tliat these bodies might be the fragments of a former world 5 and 
if so, that other portions of it might be found either in the same 
neighborhood, or else, having diverged from the same point, 
" they ought to have two common points of reunion, or two 
nodes in opposite regions of the heavens through which all the 
planetary fragments must sooner or later pass." 

474. One of these nodes he found to be in the constellatioi: 
Virgo, and the opposite one in the Whale ; and it is a remark- 
able coincidence that it was in the neighborhood of the latter 
(^oustellation that Mr. Harding discovered the planet Juno. J a 
order, therefore, to detect the remaining fragments, if any 
existed. Dr. Gibers examined, three times every year, all the 
small stars in Virgo and the Whale ; and it was actually in the 
constellation Virgo, that he discovered the planet Vesta. Since 
that time, very many additional asteroids have been discovered, 
and it is not unlikely that still additional fragments of a similar 
description will hereafter be discovered. 

Dr. Brewster attributes the fall of meteoric stones to the 
smaller fragments of these bodies happening to come within the 
sphere of the Earth's attraction. 

Meteoric itones^ or what are generally termed aerolitety are atones which aometimea 
fall from the upper regions of the atmosphere upon the Earth. The substance of which 
thuy are composed, is, for the most part, metallic ; but the ore of which it consists is not 
to be found inthisatne comdiitterU proportions in any known substance upon the Earth. 
Their fall is generally preceded by a luminous appearance, a hissing noise, and a loud 
explosion ; and when found immediately after their descent, they are always hot, and 
usually covered with a black crust, indicating a state of exterior fusion. 

Their siie raries fk-om that of small fragments of inconsiderable weight to that of the 
most ponderous masses. They have been found to weigh from 300 pounds to several tons ; 
and they have descended to the earth with a force sufficient to bury them many feet 
under the surface. 

Some have supposed that they are projected from volcanoes in the Moon ; others that 
chey proceed from volcanoes on the Earth ; while others imagine that they are gene- 
rated in the regions of the atmosphere ; but the truth probably is not yet ascertained. Ix 
t>ome instances, these stones have penetrated through the roofs of houses, and proved 
destructive to the inhabitants. 

If we carefully compute the force of gravity in the Moon, we shall find that if a bo<Iy 
were projected from her surface with a momentum that would cause it to move at the mie 
of 8200 feet in the first second of time, and in the direction of a line joinhig the centers 
of the Earth and Moon, it would not fall again to the surface of the Moon ; bat would 
become a satellite to the Earth. Such an impulse might, indeed, cause it, even after 
many revolutions, to fall to the earth. The fall, therefore, of these stones, from the aif , 
vmy be accounted for in this manner. 

Mr. Harte calculates, that even a velocity of 6000 feet in a second, would be stifficient 
to carry a body projected from the surface of the Moon beyond the power of her attrac* 
tion. If so, a projectile force three times greater than that of a cannon, would carry a 
a body from the Moon, beyond the point of equal attraction, and cause it to reach tlip 
Earth. A force equal to this is often exerted by our volcanoes, and by subterranvau 
steam. Hence, there is no impossibility in the supposition of their coming from the Moon 

478. Theory of Dr. Gibers ? 474. Where did he find these nodes? What remarkable 
coincidence ? Dr. Olbers* efiforts ? Discoveries since ? Dr. Brewster's idea respecting 
D'jteoric stones ? What are meteoric stones? Circumstances of their fall f Sisi! and 
viiu'iit? Supposed uriKin? OouM they have fallen froi the Moonf What compubitiou:! t 
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475. Vesta is the only asteroid that can ho seen with the naked 
eye. 

476. The largest of the asteroids is probably about 220 miles 
in diameter ; the smallest is less than 20 miles. 

477. The following table comprises their names, <kc. : 

TABLB OF THE A8TXB0IDS. 





Dist. from 


Period. 








No. Nuna. 


the Siin io 


ictime 


D»te of 


By whom 


Where dlscovend. 




miles. 


ndayi. 


discovery. 


discovered. 




1. Cere« 


25 


Bl 


1,681 


Jan. 1, 1801 


Piazri 


Palermo. 


2. Pallas 


25 


- 28 


1,684 


March 28, 1802 


Olbers 


Bremen. 


3. Jano 


24 


12 


1,692 


Sept. 1, 1804 


Harding 


LilienthaL 


4. Vesta 


21 


59 


1,325 


March 29, 1807 


Olbers 


Bremen. 


6. Astriea 


23 


70 


1,511 


Dec. 8, 1845- 


Hcnclce 


Dresden. 


e. Hebe 


22 


35 


1.380 


July 1, 1847 


Hencke 


Dresden. 


7. Iris 


21 


25 


1,346 


Aug. 13, " 


Hind 


London. 


8 Flora 


20 


■ . 27 


1,193 


Oct. 18, " 


Hind 


London. 


9. Metis 


21 


51 


1,347 


April 25, 1848 


Graham 


Markree. 


10. Hygeia 


28 


75 


2.04ii 


April 12, 1849 
May 13, 1860 


De Oaeparis. 


Naples. 


11. Parthenope.. 


2a 


15 


1,402 


De Oasparis. 


Naples. 


12. Victoria 


21 


m 


1,302 


Sept 13, " 


Hind 


London. 


13. Egeria 


2S 


75 


1,511 


Nov. 2, »' 


De Oadparis. 


Naples. 


14. Irene 


% 


15 


1,519 


May 20, 1851 


Hind 


LtondoD. 


16. Eanomla.... 


24 


09 


1,570 


July 29, •* 


De Oasparis. 


Naples. 


16. Psyche 


2(j 


m 


1,826 


March 17, 1852 


De Oasparis. 


Naples. 
Bilk. 


17. Theds 


2!j . 


95 


1,421 


Apriin, *• 


Luther 


18. Melpomene.. 


2C 


125 


1.270 


June 24, " 


Hind 


London. 


19. Fortuna 


2sj 


17 


1,393 


Aug. 22, " 


Hind 


London. 


20. Massilia 


» 


15 


1,366 


Sept. 19, " 


Chacomac... 


Mar><eille8. 


21. Ltttetia. 


2S 


35 


1.388 


Nov. 15, " 


Ooldschmidt. 


Paris. 


22. Calliope 


2« 


56 


1,814 


Nov. IS, " 


Hind 


London. 


23. Thalia 


24 


77 


1,556 


Dec. 15, " 


Hind 


London. 


24. Themis 


2j 


105 


2,035 


April 6, 1853 


De Oasparis'. 


Naples. 


26. Phocsea 


21 


25 


1,369 


April 6, " 


Chacomac... 


MarseiUeB. 


26. Proserpine.. 


24. 


m 


1,581 


May 5, " 


Luther 


Bilk. 


17. Bnterpe 


21 


!17 


1,813 


Nov. 8, " 
March i, 1864 


Hind 


London. 


28. Bellona 


2J 


115 


1,692 


Luther 


Bilk. 


29. Amphitrite.. 


2J 


71 


1,491 


March 1, »' 


Marth 


London. 


80. Urania 


21 


i79 


l,;i29 


July 22, " 


Hind 


London. 


81. Bnphrosyne. 


2f 


17 


2,015 


Sept. 1, " 
Oct. 26, " 


Ferguson 

Ooldschmidt. 


Washington, D.G 


32. Pomona 


2{ 


455 


1,620 


Paris. 


83. Polyhymnia. 


2( 


m 


1,770 


Oct. 28, " 


Chacomac... 


Paris. 


84. Circe 


24 


m 


1,608 


April 15, 1855 


Chacomac. 


Paris. 


85. Leucothea. . 


21- 


115 


1,904 


April 19, " 


Luther 


Bilk. 


86. Atalanta 


2t 


[25 


1,662 


Oct. 5, " 


Ooldschmidt. 


Paris. 


87. Fides 


2< 


' .27 


1,668 


Oct. .5, 


Luther 


Bilk. 


88. Leda 


« 


115 


1,657 


Jan. 12, 1856 


Chacomac... 


Paris. 


89. Lietitia 


» 


25 


1,681 


F-- o u 


Chacomac... 


Paris. 


40 Harmonia... 


2( 


115 


1,247 


lA . 31, " 


Ooldschmidt 


Paris. 


41 Daphne 


2f 


.175 


1,683 


lA ;:.;, " 


Ooldschmidt 


Paris. 


4st Isis 


% 


167 


1,892 
1,195 


M -'-i, '* 


Pogson 

Pogson 


Oxford 


48 Ariadne 


2( 


tie 


A M5, 1857 


Oxford. 


44. NysA 


25 


119 


1,377 


M r;. " 


Ooldschmidt 


Paris. 


45. Bosnia 


2< 


m 


1,640 


J1 '^t, " 


Ooldschmidt 


Paris. 


46. Hestia 


2: 


M5 


1,467 


A ]ij, " 


Pogson 


Oxford. 


47. Aglaia 


2( 


171 


1,786 


8( 15, " 


Luther 


BUk. 


48 Doris 


2t 


ilO 


2,003 


S( . 19, " 


Ooldschmidt. 


Paris. 


49. P&les 


2t. 


. J .)15 


1,977 


Sc ,.L. 19. " 


Ooldschmidt. 


Paris. 


60. VlrginU.... 


24. 


,i2iKiJ13 


1,675 


Oct. 4, " 


Ferguson 


Washington, D.G 
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Dltt. 


from 


Ptriod- 








No. Nmm. 


tb«: 


uuia 


ie liiiM 


Dat« of 


By whom 






111 


let. 


In days. 


dlKorarjr. 


diMOVOFMl. 




51. Nemaaaa... 


21^;.- 


J*'i .'.71 


1,839 


Jan. S3, 1858 


Laurent 


Nismes. 


6S. Eoropa..... 


28 M 


ii.:iO 


1,994 


Feb. 4, " 


Goldschmidt 


Paris. 


63. Calypeo..., 


23 ' 


.r. i78 


1,549 


April 4, ** 


Lnther 


BUk. 


54. Alexandra . 


24 


95 


1,683 


Sept. 11, " 


Goldschmidt. 


P*^"^*- ., ^ 


5ft. Pandora. .. 


25 


91 


1,674 


Sept. 11, »* 


Searlc 


Albany, N. Y. 


56. Melete 


23 


57 


1,528 


Sept. 9, 1860 


Goldschmidt 


Paris. 


57. Mnemosyne 
68. Concordia.. 


28 


21 


3,048 


Sept. 22, - 


Luther 


Bilk. 


24 


15 


1.621 


March 84, 1860 


Luther 


Bilk. 


5*». Olympla... 
60. Echo 


24 


06 


1.682 


Sept. IS, " 


Chacornac... 


P*^^»-. 


21 


50 


1,352 


Sept 15, " 


Ferguson 

Goldschmidt. 


Washmgton,D.C 


61. Danafl 


27 


17 


1,883 


Sept. 19, " 


Paris. 


63. Erato 


28 


13 


2,023 


Oct. 10, »* 


Foster 


Berlin. 


63. Autonia.... 


21 


05 


1,364 


Feb. 10, 1861 


De Oasparis 


Naples. 


61. Angelina... 

65. Cybele 

66. Maia 


24 


75 


1,603 


March S, " 


Tempel. ..... 


Marseilles. 


31 


18 


3,811 


March 4, " 


TempeL 

Tuttlc 


Marseilles. 


24 


96 


1,577 


A--11 ft, " 


Cambridge, Mass. 


67. Asia 


29 


05 


1,377 


A-T-'.] 17, " 


Pogson 


Madras. 


68. Leto 


2S 


89 


1,693 


A;r.h20, " 


Lnther 


Bilk. 


60. HesperU... 


27 


18 


1,871 


A;.ril-J9, " 


SchUparellL. 


Milan. 


70. Panopea.... 


28 


05 


1,543 


W.v ;k 


Goldschmidt. 


Paris, 


71. Feronla... 


30 


14 


1,246 


M iV ^\ " 


Peters 


Clinton, N. Y. 


n. Nlobe 


2S 


38 


1,671 


A ' 11, " 


Luther. 


BUk. 


73. Clytle 


24 


71 


1,590 


A ill, 1863 


Tuttle 




74. Oalatca.... 


25 


19 


1,691 


8( :.t. a, " 


Tempel 


Marseilles. 


7.5. Eurydice.. 
76. Frela 


24 


T5 


1,593 


Peters 


Clinton, N. Y. 


8C 


16 


2,377 


Oi..n, " 


D' Arrest.... 


Copenhagen. 
Clinton, N.Y. 


77. Frigga 


24 


17 


1,595 


M Hdil6,1868 


Peters 


78. Diana 


2J3 


61 


1,5,51 


Luther. 


Bilk. 


79. Eurynome.. 


2r 


07 


1,895 


S<i.i 14, " 


Watson 


Ann Arbor, Mich 


80. Sappho.. .. 


31 


19 


1,371 


M r. 2. 1864 


Pogson 


Madras. 


81. Terpsichore 


2C 


S7 


1,768 


Si 0, " 


Tempel...... 


Marseilles. 


83. Alcmene... 


2C 


05 


1,675 


N . 7, •* 


Luther 


Bilk. 


83. Beatrix... 


2S 


35 


1,883 


A -6, 1865 


De Oasparis. 


Naples. 
Bilk. 


84. Clio 


21 


09 


1,3« 


A .-. i3. '* 


Luther 


85. lo 


24 
2f 


17 
45 


1.573 
1,985 


» i.f. 19, ** 
Ji: 4, 1866 


Peters 

Tietjen 


Clinton, N. Y. 


86. Semele 


Berlin. 


87. Sylvia 

88. Thisbe 


31 


61 


3,384 


W.iv M, " 


Pogson 


Madras. 


3E 


m 


1,684 


Ji - 15, " 


Peters 


Clinton, N. Y. 


89. Julia 


25 


45 


1,486 


A .'.'.J " 


Stephan 

Luther. •. . 


MarseiUcs. 


90. Antiope.... 


2^ 


!96 


3,011 


OcL 1, " 


Bilk. 


91. iBgina 


2t 


194 


1,538 


Nov. 34, " 


Borelly 


Marseilles. 


92. Undina.... 


2J 


«0 


3,081 


July 36, 1867 


Peters 


Clinton. N. Y. 
Ann Arbor, Mich 


93. Minerva.... 


2J 


«2 


1,672 


Aug. 34, " 


Watson 


94. Aurora 


2J 


«0 


3,063 


Sept. 6, " 


Watson 


Ann Arbor, Mich 


95. Arethusa... 


K 


170 


1,960 


Nov. 10, " 


Luther 


Bilk. 


96. iEgle 


21 


SO 


1,949 


FrV,. 17, 1868 


Coggia 


Marseilles. 


97. Clotho 


24 


■ i75 


1,691 


F. :.. 17; " 


Tempel 


MarseUles. 


98. lanthe 


24 


20 


1,506 


A Til 18, " 


Peters 


Clinton, N. Y. 


99. DikS 


a 


i26 


1.660 


M.viS, *♦ 


Borelly 


Marseilles. 


100. Hecate 


21 


192 


1,891 


Ji !v 11, " 


Watson 


Ann Arbor. Mich. 


101. Helena 


2; 


too 


1,507 


Ai-15, " 


Watson 


Ann Arbor, Mich. 


102. Miriam 


24 


(90 


1,588 


Am-J4, " 


Peters 


Clinton, N. Y. 


103. Hera 


24 


160 


1,631 


S<i:r.7. *» 
S< rt, 13, " 


Watson 


Ann Arbor. Mich. 


104. Clymene.... 


2J 


115 


3,069 


Watson 


Ann Arbor. Mich. 


105. Artemis.... 


2] 


100 


1,340 


S< L 16, " 


Watson 


Ann Arbor, Mich. 


106. Dione 


2< 


130 


2,091 


L 10, " 


Watson 


Ann Arbor, Mich. 


107. Camilla 


3S 
2< 


JOO 
>89 


2,454 
3,084 


1869 


LuUier. 


Madras. 


108. Hecuba.... 




Bilk. 


109. Felicitas... 


% 


t50 


1,616 


Oct. 9, " 


Peters 


ainton,N.Y. 



Since the discovery of FelieiUu^ nineteen other asteroids have been announced; 
making the whole number, up to 1873, one hundred and twenty-eight. 
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CHAPTER Yll. 
PRIMARY PLANETS— JUPITER AND SATURN. 

473. Jupiter is the largest of all the planets belongiDg to the 
solar system. It may be readily distinguished from the fixed 
Btars, by its peculiar splendor and magnitude ; appearing to the 
naked eye almost as resplendent as Venus, although it is more 
than seven times her distance from the Sun. 

When his right ascension is less than that of the Sun, he is 
our morning star, and appears in the eastern hemisphere before 
the Sun rises ; when greater, he is our evening star, and lingers 
in the western hemisphere after the Sun sets. 

Nothing can be easier than to trace Jupiter among the con- 
stellations of the zodiac ; for in whatever constellation he is seen 
to-day, one year hence he will be seen equally advanced in the 
next constellation ; two years hence, in the next ; three years 
hence, in the next, and so on ; being just a year, at a mean rate, 
in passing over one constellation. 

The exact mean motion of Jupiter in its orbit, is about on«-twelflh of a degree in a day ; 
»hich amounta to only 80* 20' 82* in a year. 

Pot 12 years to come, he will, at a mean rate, pass through 
the constellations of the zodiac, as follows : 



1S67, Capricomub. 
1868, Aquarius. 
18^9, Pilces. 
1870, Aries. 



1871, Taurus, 

1872, Gemini. 

1873, Cancer. 

1874, Lea 



1875, Virgo. 

1876, Libra. 

1877, Scorpio. 

1878, Sagittarius. 



4*19. Jupiter is the next planet in the solar system above the 
asteroids, and performs his annual revolution around the Sun in 
nearly 12 of our years, at the mean distance of 475,000,000 of 
miles ; moving in his orbit at the rate of 29,000 miles an hour. 

The exact period of Jupiter*s sidereal revolution is 11 years, 10 months, 17 dayn, 14 
hours, 21 minutes, 25^ seconds. His exact mean distance from the Sun is 475,69S,0()0 
f"^^; consequently, the exact rate of his motion in his orbit is 28,744 miles per hour. 

480. He revolves on an axis, which is nearly perpendicular to 
the plane of his orbit, in 9 hours, 66 minutes, and 60 seconds ; 
so that his year contains 10,471 days and nights ; each about 
hours long. 

His form is that of an oblate spheroid, whose polar diameter 

478. Comparative size of Jupiter f How distinguished from the fixed stars? When 
nprning star, Ac. T Is he easily traced ? 479. ills position in the system? His perl- 
jMiic time? Distance from the Sun? Rate of motion? 480. Time of diuraa. revoin- 
wn? Position of axis? Length of his days ? Number in his year ? His form CaoM 
H &is obiateness ? Dilference of equatorial and polar diameters ? The Earth ? 
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is to its equatorial, as 16 to 17. He is therefore considerably 
more flattened at the poles than any of the other planets, except 
8atarn. This is caused by his rapid rotation on his axis ; for it 
is an uoiyersal law that the equatorial parts of every body, 
revolving on an axis, will be swollen out, in proportion to the 
density of the body, and the rapidity of its motion. 

The difference between the polar and equatorial diameters of Jupiter, exceed! 60M 
mllei. The difference between the polar and equatorial diameters of the Earth, b onfy 
26 milei. Jupiter, even on the most careless view through a good telescope, appears to 
be oval ; the longer diameter being parallel to the direction of his belts, which are aUo 
parallel to the edlptio. 

481. By this rapid whirl on its axis, his equatorial inhabitants 
arc canned around at the rate of 27,600 miles an hour; which is 
2700 miles farther than the equatorial inhabitants of the Earth 
ai*e carried, by its diurnal motion, in twenty-four hours. 

The troe mean diameter of Jupiter is 85,390 miles ; which 
is nearly 11 times greater than the Earth's. His volume is, 
therefore, about thirteen hundred times larger than that of tho 
Earth. ( For magnitude as compared vnlh that of the Earthy set 
Maf /.) On account of his great distance from the Sun, the 
degree of light and heat which he receives from it is 27 times 
Uss than that received by the Earth. 

When Jupiter is in conjunction, he rises, sets, and comes to the meridian with the Sun * 
but is never observed to make a transit, or pass over the Son's disc ; when in opposition, 
he rises when the Sun sets, sets when the Sun rises, and comes to the meridian at mid 
night, which never happens in the case of an interior planet. This proves that Jupiter 
revolves in an orbit which is eaUrior to that of the Earth. 

482. As the variety in the seasons of a planet, and in the 
length of its days and nights, depends upon the inclination of its 
axis to the plane of its orbit, and as the axis of Jupiter has 
little or no inclination, there can be no difference in his seasons, 
on the same parallels of latitude, nor any variation in the length 
of his days and nights. It is not to be understood, however, 
that one uniform season prevails from his equator to his poles ; 
but that the same parallels of latitude on each side of his equa- 
tor, uoiforinly enjoy the same season, whatever season it may be. 

About his equatorial regions there is perpetual summer ; and 
at his poles everlasting winter ; but yet equal day and equal 
night at each. This arrangement seems to have been kindl} 
ordered by the beneficent Creator ; for had his axis been inclined 
to his orbit, like that of the Earth, his polar winters would have 
been alternately a dreadful night of six years' darhuss. 

4S1 . Blotion at Jupiter's equator f His mean diameter ? His volume f Ll(?ht and heati 
Does he ever transit the Sun ? What proof that his orbit is exterior to that of th ? Earth f 
182. Wtiut of the teatofu of Jupiter ? What apparent manifestation of Divine Wisdom/ 
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TRLBBOOnO TIBW OF JUPlTlllt. 

483. Jupiter, when 
viewed through a 
telescope, appears to 
l)e surrounded by a 
Damber of luminous 
zones, usually termed 
hdtSy that frequently 
extend quite around 
him. These belts are 
parallel not only to 
each other, but, in 
general, to his equa- 
tor, which is also 
nearly parallel to the 
ecliptic. They are 
subject, however, to considerable variation, both in breath and 
number. Sometir^es eight have been seen at once ; sometimes only 
one> but more usu^-lly three. Dr. Herschel once perceived his 
^hole disc covered with small belts, though they are more 
usually confined to within 30° of his equator, that is, to a zone 
60° in width. 

Sometimes these belts continue for months at a time with little 
or no variation, and sometimes a new belt has been seen to form 
'n a few hours. Sometimes they are interrupted in their length ; 
and at other times, they appear to spread in width, and run into 
each other, until their breadth exceeds 5000 miles. 

484. Bright and dark spots are also frequently to be seen in 
the belts, which usually disappear with the belts themselves, 
though not always, for Cassini observed that one occupied the 
same position more than 40 years. Of the cause of these vari- 
able appearances, but little is known. They are generally sup- 
posed to be nothing more than atmospherical phenotnerubf resulting 
from, or combined with, the rapid motion of the planet upon its 
axis. 

^fferent opinioDS have been entertained by astronomers respecting the cause of these 
"^ and spots. By some they have been regarded as clouds, or as openings in ihe 
atmosphere of the planet, while others imagine that they are of a more permanent 
^*™''6iand are the marks of great physical revolutions, which are perpetuany agitating 
^d changiDg the surface of the planet. Tiie first of these opinions sufficiently explains 
we variations in tae form and magnitude of the spots^ and the parallelism of the belts. 

^88. How does Jupiter appear through a telescope ? Where are his belts usually 
J**y" Their number? Are they permanent ? 4S4. What else seen upon Jupiter'n 
wfacef Are they prrmanent? la the cause of these phenomena weU understood f 
^laal different opinions? 
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CIm ipot irti obMrrcd I17 OMilntt In lUt^ whidi hM both disappeared and reappeared 
tn the MOM form and position for the space of 4S jears, could not possibly be occasioned 
bv aaj aVnoepb e rical variations, bat seems evidently to be connected with the surface 
« th« planet. The form of the belt, according to some astronomers, may be accounted 
ibr bf soppostof that the <U$H09ph^ reflects more light than the body of the planet, 
%ad that tho cloods which float in it, being thrown into parallel strata by the rapidity of 
.'Is diurnal motion, form regular in§UrsUcMy throu|^ which are seen its opaf oe body, or 
ttj of the permanent spots which may come within the range of the opening. 



MOONS OF JUPITER. 



485. Jupiter is attended by four satellites or moons 
Aire easily seen with a common spy- 
glass, appearing like small stars 
near the primary. (See adjoining 
cat.) By watching them for a few 
evenings, they will bo seen to change 
their places, and to occupy different 
positions. At times, only one or two 
may be seen, as the others are 
either between the observer and tbt 
planet, or beyond the primary, or 
eclipsed by his shadow. 

486. The size of these satellites 
is about the same as our moon, 
except the second, which is a trifle 
less. The first is about the distance 
of our moon ; and the others, re- 
spectively, about two, three, and 
five times as far off. 



Thev 




4th. 



OOMPXaATITK DISTAMCBS OF JURTBR*8 MOOM 

3d. 2d. l8t 




487 Their periods of revolution are from 1 day 18 hours to 
i^ days, according to their distances. This rapid motion is 
necessary, in order to counterbalance the powerful centripetal 
force of the planet, and to keep the satellites from falling to his 
surface. 



• ■ISS. Ho^ many moons has Jupiter? How seen? Why not all seen at oneef 
their slse T Distances t 487. Periods of Jupiter's satellites? Why so rapid? 



im 
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The magnitades, distances, aod periods of the moons of Jupiter are m foltows: 

Diameter in milea. Dittjine«. Periodic tiimc. 

1st ^.2,600 270,000 1 day 18 bow*. 

2d 2,200 420,000 8 *• 13 •• 

8d 8,500 700,000 7 •• 4 «• 

4th 2,890 1,200,000 16 « 16 •« 

488. The orbits of Jupiter's moons are all in or near the plane 
jf his equator ; and as his orbit nearly coincides with the eclip- 
tic, and his equator with his orbit, it follows that, like our own 
moon, his satellites revolve near the plane of the ecliptic. On 
this account, they are sometimes between us and the planet, and 
sometimes beyond him, and seem to oscillate, like a pendulum, 
from their greatest elongation on one side to their greatest elon- 
gation on the other. 

489. Their direction is from west to east, or in the direction 
their primary revolves, both upon his axis and in his orbit. From 
the fact that their elongations east and west of Jupiter are nearly 
the same at every revolution, it is concluded that their orbits 
*re but slightly elliptical. They are supposed to revolve on 
their respective axis, like our own satellite, the moon, once dur- 
ing every periodic revolution. 

490. As these orbits lie near the plane of the ecliptic, they 
have to pass through his broad shadow when in opposition to the 
Sun, and be totally eclipsed at every revolution. To this there 
i$ but one exception. As the fourth satellite departs about 3° 
from the plane of Jupiter's orbit, and is quite distant, it some- 
times passes above or below the shadow, and escapes eclipse. But 
such escapes are not frequent. 

These moons are not only often eclipsed, but they often eclipse 
Jupiter, by throwing their own dark shadows upon his disc. 
They may be seen like dark round spots traversing it from side 
to side, causing, wherever that shadow falls, an eclipse of the 
Sun. Altogether, about forty of these eclipses occur in the sys- 
tem of Jupiter every month. 

491. The immersions and emersions of Jupiter's moons have 
reference to the phenomena of their being eclipsed. Their 
entrance into the shadow is the immersion ; and their coming out 
of it the emersion. 



4S3. How are their orbits sitnated ? How satellites appear to more? 4S9. Directioa 
ct Lecondariesf Form of orbits? How ascertained? What motion on axis? 4SiO, 
MS hat said of eclipses ? Of fourth satellite ? Of solar eclipses upon Jupiter ? Number 
of solar and lunar? 491. What are the immersions and ^mer'sioits of Jupiter's 
noons* Ars the immersions and emersi^^s always visible from the Earth? Why notf 
'lUwtrate 
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Kunn » nrmmli mnn, tiwMWB, no, 
//^ ^ \ ..-••■, 



T ^ ? 



B ^ 

■■♦■• 



The aboTe Is a perp«ndicular rlew of the orbit* of Jupiter's satellites. His oroait 
shadow It p^Jected in a direction opposite the Sun. At C, tiie second satellite is suffer 
ing an imms^Hon^ and will soon be totally eclipsed ; while at D, the first is in the act of 
«wt«r«iof^ and will soon appear with its wonted brightness. Tlie other satellites are 8ee» 
!o cast their shadows off into space, and are ready in turn to eciip^ie the Sun, or cut off a 
portion of his beams from the fHce of the primary. 

If the Earth were at A in the cut, the immeraUm^ represented at C, would be inrisible ; 
and if at B, the emerHon at D could not be seen. So, also, it the Earth were exactly at 
F, neither could be seen ; as Jupiter and all his attendants would be directly beyond the 
Sun, and would be hid from our view. 

492. TiiP sjstera of Jupiter may be regarded as a miniature 
representation of the solar system, and as furnishing triumphant 
evidence of the truth of the Copemican theory. It may also be 
regarded as a great natural cloJc, keeping absolute time for the 
whole world ; as the immersions and emersions of his satellites 
furnish a uniform standard, and, like a vast chronometer hang 
up in the hearens, enable the mariner to determine his longitude 
'ipon the trackless deep. 

By long and careful observations upon these satellites, astronomers hare been able to 
construct tables, showing the exact time when each immersion and emersion will take 
pl9ce, at Greenwich Observatory, near London. Now suppose the tables fixed the time 
For a certain satellite to be eclipsed at 12 o*clock at Greenwich, but we find it to occur at 
I) o'clock, for instance, by our local time : this would show that our time was three hours 
behind the time at Greenwich ; or. In other words, that we were three hours, or 45*, ^oe^A 
of Greenwich. If our time was ahead of Greenwich time, it would show that we were 
eatft of that meridian, to the amount of 15* for every hour ol^ variation. But this method 
of finding the longitude is less used than the *Munar method" (Art. 407>, on account of 
ihe greater dUBculty of making the necessary observations. 

403. By observations upon the eclipses of Jupiter's moons, as 
compared with the tables fixing the time of their occurrence, it 
was discorered that light had a progressive motion, at the rate 
of about 190,000 miles per second. 

Tills discovery may be illustrated by again referring to the preceding cut. In the year 
1675, it was observed by Roemer, a Danish astronomer, that when the Earth was nearest 
to Jupiter, as at E, the eclipses of his satellites took place S minutes 13 seconds nooner 
than the mean time of the tables ; but when the earth was farthest from Jupiter, as at 
F, the eclipses took place S minutes and 18 seconds laUr than the tables predicted, tbi 
entire difference being 16 minutes and 26 seconds. This difference of time he ascribed to 
the progressive motion of light, which he concluded required 16 minutes and ^ seconds 
to oross the earth's orbit from E to F. 

•UK2. How may the system of Jupiter be regarded ? What use of it made in navigation f 
Olustrate method? Is it much used? 493. Wtiat discovery by observing the ooli|«i(« 
of Jupiter's moons? Explain tbeproceaa? 
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This progresn may be demonstrated as follows :— l»m. 26s. = 996s. If the radius of th« 
Earth's orbit be 91,500,000 miles, the dlametf^r must be twice that, or 188,000.000. 
Divide 183,000,000 miles hy 986 seconds, and we have 185.5r8i J? miles as the progress of 
llglit in each second. At this rate, lipht would pass nearly eight times around the globe 
at every tick of the clock, or nearly 500 times every rainnt.- 1 

494. Jupiter, when seen from his nearest satellite, appears a 
ihousanrl times larger than our Moon does to us, exhibiting oii a 
Rcale of inconceivable magnificence, the varying forms of a cres- 
cent, a half moon, a gibbous phase, and a fall moon, every 42 
hours. 

SATURN. 

495. Saturn is situated between the orbits of Jupiter and 
Uranus, and is distinctly visible to the naked eye. It may be 
easily distinguished from the fixed stars by its pale, feeble, and 
steiady light. It resembles the star Fomalhaut, both in color 
aud size, differing from it only in the steadiness and uniformity 
of its light. 

Prom the slowness of its motion in its orbit, the popil throughout the period of hie 
whole life, may trace its apparent course among the stars, without any danger of mis- 
l&Ke. Having once found when it enters a particular constellation, he may e&sily remem« 
wr where he is to look for it in any subsequent year ; because, at a mean rate, it is just 
fiJi years in passing over a shigle sign or constellation. 

Saturn's mean daily motion among the stars is only about 2', 
the t/tirtieih part of a degree. 

496. The mean distance of Saturn from the Sun is nearly 
double that of Jupiter, being about 872,000,000 of miles. His 
diameter is about 70,000 miles ; his volume, therefore, is seven 
hundred tiines greater than the Earth's. Moving in his orbit at 
the rate of 21,000 miles an hour, he requires 29^ years to com- 
plete his circuit around the Sun : but his diurnal rotation on his 
axis is accomplished in lOJ^ hours. His year, therefore, is nearly 
thirty times as long as ours, while his day is shorter by more 
than one-half. His year contains about 25,160 of its own days, 
'^hich are equal to 10,759 of our days. 

497. The surface of Saturn, like that of Jupiter, is dirersified 
J'lth belts and dark spots. Dr. Herschel sometimes perceived 
five belts on his surface ; three of which were dark and two 
"right. The dark belts have a yellowish tinge, and generally 
^ver a broader zone of the planet than those of Jupiter. 

_^ the inhabitants of Saturn, the Sun appears 90 times less than he appears «t th€ 
"""^ i and they receive from him only one ninetieth part as much light and heat. But 

494. How does Jupiter appear fPom his nearest satellite ? 49ft. Situation of Saturn » 
^ distinguished? How trac'»? His rate of motion in tho heavens f 496. Distanoe 
romtteSun? Diameter? Volume? Rate of motion in orbit? Periodic time ? Diur 
JJl revolution? Days in his year? 497. Appearance of his surface? Belts! The 
°"*M aeen from Saturn* Light and hent of that planet? Estimated atrttngth of the 
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the nindUtk part of tht Sun's IJf ht exceeds the fllamfaiattiig 

• of 



It Is eoafmted that 

power of SuOO fteU mooas, which would be abuodaaUy sufflcient for all the purpose* 

are. 



498. The telescopic appearance of Satarn is anparalleled. It 
is even more interesting than Jupiter, with all his moons and 
belts. That which eminently distingaishes this planet from 
every other in the system, is a magnificent zone or ring, encir- 
cling it with perpetual lights 



TBJBBOOPIC TIBW OF BATOTUI. 




The adioinlug cut Is an excel- 
lent represenuUon of Saturn 
as seen through a telescope. 
The oblatenesa of the planet is 
eaailjr perceptible, and his 
nhaJino can be seen upon the 
rings back of the planet. The 
4hadow of the rings may also 
(>e seen running across his disc. 
The writer has often seen the 
opening between the body of 
the planet and the interior 
ring as distinctly as it appears 
to the student in the cut Un- 
der very powerful telescopes, 
these rings are found to be 
again sulKlivtded Into an in- 
tlcfinite number of concentric circles, one within the oUier, though this Is considered 
doubtful by Sir John lierschel. 

499. The light of the ring is more brilliant than the planet 
itself. It turns around its center of motion in the same timts 
that Saturn turns on its axis. When viewed with a good 
telescope, it is usually found to consist of two concentric rings, 
divided by a dark band. 

It has been ascertained, however, that these rings are again subdivided ; the third 
division was distinctly seen by Prof. Encke, on the 85th of April, 1887, and also by Mr. 
Lassel, on tlie 7th of September, 1848, at his observatory near Liverpool, England. Six 
different rings were seen at Rome, in Italy, on the night of the 29th of May, 1S8S. And 
more recent observations by Professor Bond, of Cambridge, have led to the conclusion 
that, in all probability, these wonderful rings are Jluid ! It is well known that under the 
most powerful instruments they seem to be almost indefinitely subdivided. 

500. As our view of the rings of Saturn is generally au 
oblique one, they usually appear elliptical, and never circular. 
The ellipse seems to contract for about 1^ years, till it almost 
entirely disappears, when it begins to expand again, and con- 
tinues to enlarge for 7^ years, when it reaches its maximum of 
expansion, and again begins to contract. For fifteen years, the 
part of the rings toward us seems to be thrown up, while for the 

•olar radiance? 498. Telescopic appearance of Saturn? For what distinguished? 
499. Comparative light of his rings ? Time of rotation around the planet ? How does it 
«su%Uy appear? What further discoveries? &00. What the general apparent figuR 
of the rings? Why elliptical ? What periodic rariat on of expansion ? Of incUnatHol 
When nearly invisible? 
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hext fifteen it appears to drop hdaw the apparent center of the 
planet ; and while shifting from one extreme to the other, the 
rings become almost invisible, appearing only as a faint line of 
light running from the planet in opposite directions. The ring? 
vary also in their inclination, sometimes dipping tc the right, 
and at others to the left. 

TBLBSCOPIO PHASKS 09 TBS BIVOS 09 BATUKH. 




PRRPKNDICULAft TIBW OF THB RINGS OF SATURN. 



The alfbye is a good representation of the varfoiu inrJinations and degrees of expan 
diQn o^ the rings of Saturn, during his periodic Journey of 80 years 

601. The rings of the 
planet are always directed 
more or less toward the 
Earth, and sometimes ex- 
axjtly toward us ; so that 
we never see them perpen- 
dicularly, but always either 
exactly edgewise, or ob- 
liquely, as shown in the last 
figure. Were either pole 
of the planet exactly toward 
us, we should then have a 
perpendicular view of the 
rings, as shown in the ad- 
joining cut. 

502. The various phases of Saturn's rings are explained by 
the facts that his axis remains parallel to itself (see following 
cut), with an uniform inclination to the plane of his orbit, which 
is very near the ecliptic ; and as the rings revolve over his 
equator, and at right angles with his axis, they also remain 
parallel to themselves. The revolution of the planet about the 
Earth every 30 years, must therefore bring first one side of the 
•ings to view, and then the other — causing all the variations of 
expansion, position, and inclination which the rings present. 

fiOl ilow are the rings situated with respect to the Earth? How would they «\pper<r \\ 
tither pole of Saturn were toward us? 503. How are the Tarious phaMS of Satunrt 
fiiigc accounted forf 
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Here obeenre, first, that the axis of Saturn, like those of all the other planets, reniHiiii 
permanent, or JHiratM toUh iUelf; and as the rings are in the plane of his equator, and 
at right angles with his axis, they also most remain parallel to themselves, whatever 
position the planet may occupy in its orbit. 

This being the case, it is obvious that while the planet is passing from A to E, the San 
will shine upon the under or 90tiih side of the rings ; and while he passes from E to A 
again, upon the upper or noiU^ side; and as it requires about 80 years for the planet 
to traverse these t-.vo semicircles, it is plain that the' alternate day and night on the rings 
will be 16 years each. 

A and £ are the eyuinoctinl^ and C and O the mUtUkU points in the orbit of Saturn. 
At A and E the rings arc edgeicise toward the Sun, and also toward the EarUi, provided 
Saturn is in opposition to ttie Sun. To an observer on the Earth, the rings will seem to 
expand from A to C, and to contract from to E. So, also, from E to O, and fk-om G to 
A. Again : from A to E the front of the rings will appear adov€ the planet's center, and 
from E to A below I*.. 

The ring9 of Saturn were invisible, as rings, from the 22d of April, 1S48, to the 19th of 
January, 1S49. lie came to his equinox September 7, 1S48 ; from which time to February, 
ISMhte rings continued to expand, liom that time to June, 18^ they oontraotod, 
nntil he renche*! his other equinox at £. and the rinsrs became Invisible. From June 
1801, to September, 1S70, they will again expand ; and from September, 1870, to March, 
1977, they will extract, when he will be at the equinox passed September 7, 1848, or 
29H years before. 

The writer has often seen the rings of Saturn in different stages of expansion, and con- 
traction, and once when they were almost directly edgewise toward the Earth. At that 
time (January, 1849), they appeared as a bright line of light, as represented at A and 
E, in the first cut on the preceding page. 

503. The dimeusions of the rings of Saturn may be stated in 
round numbers as follows : 

MUefl. 

Distance from the body of the planet to the first 

ring 18,350 

Width of interior ring 16,500 

Space between the interior and exterior rings . . 2,000 

Width of exterior ring 10,000 

Thickness of the rings 100 

BOB. state the distances and dimensions of his rings, beginning at the body of the pixmrt, 
^■tf puMing outward? What additional statistics from UcrscEelf 
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In a rece^jt work, wUtlsd ** Tb« New Theory of Oreation and Delage,*' it is predicte«l 
UAt, &t some future time, the flaid rings of Satam may descend and dclage the planet, 
ar oois wn^ deluged in the days of Noah. Sir David Brewster says :—'* Mr. Otto Strare 
end Mr. Bond have lately studied with the great Munich telescope at the Obsenratory 
of Pulkoway, the ttUrd ring ef Saturn, whieh Mr. Daasels and Mr. Bond discovered to 
be fluid. These atr on ei ufs are of opinion that this fluid ring Is not of very recent 
tormattaa, mad that it is not sol:Ject to rapid change , and they hare come to the extra- 
or&ktary con^tosioo that the inner border of the ring has, since the time of Iluygens, 
boci ^radaally approaching the body of Saturn, and that we may expect, sooner or 
>ik-f , perbapc ia some dosen of years, u> see the rings united with the body of the planet.** 

504. The rings of Satam serve as reflectors to reflect the 
light of the. Sun upon his disc, as our Moon reflects the light to 
the Earth. In his nocturnal sky, they must appear like two 
gorgeous arches of light, bright as 
nho full moon, and spanning the 
Thole heavens like a stupendous 
rambow. 

In the annexed cut, the beholder is suppotod 
ro be situated acme 80* north of the equator of 
Saturn, and loolcing directly south. The shadow 
7f the planet ia seen travelling up the arch as 
Che night advances, wiilie a Ifeto Moon ia shown *^ 
'Ji the west, and a Full Moon in the east at the 
)amv: iime. 

505. The two rings united are nearly 13 times as wide as the 
diameter of the Moon ; and the nearest is only ^^Ih as far from 
the planet as the Moon is from us. 

The two rings united are 87,500 miles wide; which-<-2160 the moon*s diameter =12-7^. 
3o 240,000 mUes, the Moon's distance •«- 19,000 the distance of Saturn's interior 
-tog=12||. 

At the distance of only 19,000 miles, our Moon would appear some forty times as large 
"» she does at her present distance. How magnificent and inconceivably grand, then, 
anst these vast rings appear, with a thousand times the Moon's magnitude, and only 
one-twelfth part of her distance I 

506. The periodic time of Saturn being nearly thirty years, 
his motion eastward among the stars must be very slow, amount- 
ing to only 12° a year, or one sign in 2^ years. It will be easy, 
therefore, bavins^ once ascertained bis position, to watch his slow 
progress eastward year after year, as he performs his vast circuit 
around the heavens. 

MOONS OF SATURN. 

507. Besides the magnificent rings already described, th 
telescope reveals dght satellites or moons^ revolving around Saturn. 
But these are seen only with good instruments, and under favor- 
able circumstances. 

VMi What purpose do the rings of Saturn serve? How appear in his evening sicy. 
6*)5. Width of two rings, ».s compared with Moon ? Distance ? Demonstrate both. How 
▼ould our Moon appear at the listauoe of -Jaturn's rings ? 506. Eastward motion of 
^vurtkt Hrtw traced ? flOT. Moons of Stttorn ? How seen f Best time for obser vinn ? 
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The best time for observ- 
ing them is when the planet 
Is at his equinoxes, and his 
rings are nearly invisible. 

In JanoarTf 184t, the aathor mw Sto ,. 

->( these MMlitet, m repreeented in the »4iolnlnf eat. The rings appeared only ma a lici 
If light extending each way from the planet, and the tatellitee were in the dlrecUon er 
'hi, line, at different distancea, as here represented 

508. These satellites all revolve eastward with the rings of 
the planet, in orbits nearly circular, and, with the exception of 
the eighth, in the plane of the rings. Their mean distances, 
respectively, li'om the planet's center are from 123,000 to 
2,366,000 miles ; and their periods from 22 hours to 79 days, 
according to their distances. 

Thx distances and periods of the satellites of Satom are as follows : 

Distance in milen. Periodic times. Distance in miles. Periodic times. 



Ui 121,000 0daT8 221 hours 

24 165,000 1 " 9 " 

8d 191,000 1 •* 81 •• 

4th 246,000 % " IT •* 



5th 343,000 4 days 12 hours 

6th 196,000 15 " 22 " 

Tth 1,106,00;> 22 •• .. ** 

8th 2,313,000 W *• 7 ** 



OOMPAKATITB DISTAIlOB OF THB MOOHB OP BATCRIT. 
,^^>^ 1» • ♦ • • « 



509. The most distant of these satellites is the largest, sap 
posed to be about the size of Mars ; and the remainder grow 
smaller as they are nearer the primary. They are seldom eclipsed, 
on account of the great inclination of their orbits to the ecliptic^ 
except twice in thirty years, when the rings are edgewise toward 
the Sun. The eighth satellite, which has been studied more than 
all the rest, is known to revolve once upon its axis during every 
periodic revolution ; from which it is inferred that they all 
revolve on their respective axis in the same manner. 

srsnm or iatubh— wo kclipsk. 

Let the line A B represent the plane 
df the planet's orbit, G O his axis, and 
B F the plane of his rings. The satellites 
being in the plane of the rings will 
rerolTe around the shadow of the pri- 
mary, instead of passing through It, and 
being eclipsed. 

At the time of his equinoxes, however, 
when the rings are turned toward the 
Ban (see A and E, cut, page 242) they 
DQUst be in the center of the shadow on 

608. ThereTolutions? Shape and position of their orbits t Distanoes fr<nn their pi'i 
maryf 509. Oomparntive siao? 
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Itio opposite side ; and the mooas, rerMvtop In the plane of the rings, must pate tVonf b 
Out Bhiulow at eyery revolution. The eifhth, howeTer, may lometimea eecape, en «ee<Muit 
of bis departure from the plaiM' ot the rtLgt, as shown in the cat. 

510. The theory of the satellites of Saturn is less perfect than 
than that of the satellites of Jupiter. The diflBculty of observ- 
ing their eclipses, and of measuring their elongations from their 
primary, have prevented astronomers from determining, with 
their nsnal precision, their mean distances and revolutions. But 
of this we are certain : there is no planet in the solar system, 
whose firmament presents such a variety of splendid and mag- 
nificent objects as that of Saturn. 

The Tarious aspects of the seren moent, one listof abore the horison, while another )n 
setting, and a third approaching to the meridian ; one entering into an eclipse, and 
another emerging from one ; one appearing as a crescent, and another with a gibbons 
I^ase ; and sometimes the whole of them ahining la the eame hemisphere, in one bright 
assemblage ! The majestic motion of the rings — at one time illuminating the sky with 
their splendor, and eclipsing the stars ; at a^iother, cAsvlng a deep shade orer certain 
regions of the planet, and unreillng to view the wonders i»f the starry firmament, arc 
scenes worthy of the majes^ of the Divine Being to unfold, and of rational creatures to 
contemplate. 

Such displays of Wisdom and Omnipotence, lead us to conclude thM the numerous 
splendid objects connected with this planet, were not created m-^rely U, shed their luster 
on naked rocks and barren sands ; but that an immense pcpu.'«tiv^n cf ii.teliigent being* 
is placed in those regions, to ei\|oy the bounty, and adore the goo4ntss, of their greai 
Creator. 



CHAPTER VIII. 

PRIMAKY PLANETS.— URANUS AND NEPTUNE, 

511 . Uranus is the next planet in order from the Sun, beyond 
or above Saturn. To the naked eye, it appears like a star of 
only the 6th or 1th magnitude, and of a pale, bluish white ; but 
it can seldom be seen, except in a very fine, clear night, and in 
the absence of the Moon. Through a telescope, he exhibits a 
small, round, uniformly illuminated disc, without rings, belts, oi 
discernible spots. His apparent diameter is about 4", irom 
^irhich he never varies much, owing to the smallness of our orbit 
in comparison with his own. 

510. Is the system of Saturn weU understood? Why not? Of what are we rare? 
What scenes must it present? To what conclusion must these phenomena Uad -aai 
^Al, Ponitlcn and appearance tf Uranus? Through a telescope? 
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9lr John Hertebd Mjt he Is without dtoeernlbie ipota, ud yet In hts Abies h« la|6 
iown th<i tioM of Um pUn«t*s rotation (which could onlj be Ascertained by the rotatiM 
•r spoU upon the pUnet*s disc), ut 9H hours. This time Is probably given ou tkc 
Authority of Sohroeter, and Is marked as doubtM by Dr. Uerschei. 

512. The motion of Uranus in longitude is still slower thaii 
that of Saturn. It moves over but one degree of its orbit iu 
85 days ; hence he will be seven years in passing over one sign 
or constellation. His periodic time being 84 years 27 days, his 
eastward motion can amount to only about 4° 17' in a whole 
year. To detect this motion requires instruments and close 
observations. At this date (1800), TJranus Has made the entire 
circuit of the heavens since his discovery in 1781 ; having 
passed, in 1865, the point where he was first seen, and being 
now upon his second known journey arotlnd the heavens. 

It is remarlcable that this body was obsenred as far back as 1690. II was seen three 
times by Flamstead, once by Bradley, once by Mayer, and eleren times by Lemonnier, 
who regutered it among the stars; but not one of them suspected it to be a planet. 

513. The inequalities in the motions of Jupiter and Saturn, 
which could not be accounted for from the mutual attractions 
of these planets, led astronomers to suppose that there existed 
another planet beyond the orbit of Saturn, by whose action 
these irregularities were produced. This conjecture was con- 
firmed March 13th, 1781, when Dr. Herschel discovered the 
motions of this body, and thus proved it to be a planet. 

514. The mean distance of Uranus from the Sun is 
1,754,000,000 of miles ; more than twice the mean distance of 
Saturn. His sidereal revolution is performed in 84 years and 
1 month, and his motion in his orbit is 15,000 miles an hour. 
He is supposed to have a rotation on his axis, in common with 
the other planets ; but astronomers have not yet been able to 
obtain any ocular proof of such a motion. 

515. His diameter is estimated at 33,000 miles ; which would 
make his volume more than 70 times larger than the Earth's. 
To his inhabitants the Sun appears only the ^ J^ part as large as 
he does to us ; and of course they receive from him only that 
small proportion of light and heat. It may be shown, however, 
that the 3 J^ part of the Sun's light exceeds the illuminating 
power of 800 full moons. This, added to the light they must 
receive from their six satellites, will render their days and nights 
far from cheerless. 

6I2. His motion in longitude ? Periodic time ? Angular motion per year ? How f«r 
has he been traced since his discovery ? When complete his revolution ? Was he ever 
teen previous to ITSI f By whom ? Wliv are they not the dUcoverers^ then ? 618. Was 
his existence suspected previous to 1781 r What ground for the suspicion? How proved 
to be a planet? 514. Mean distance ? Sidereal revolution? Hourly motion fai orbit? 
Bototion on axis ? 515. Diameter? Volume? Light and heat J Use of satellitps? 
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51 6. "Uranus is known to be attended by four moons or satel- 
lites, which revolve about him in different periods, and at various 
distances. Two of them were discovered by Sir William Her- 
schel, and the others, in 1847, by Lassell and O. Struve. The 
four others, supposed to exist by Herschel, have not been seen 
by other observers. 

Most of the satellites revolve from west to east around their 
primaries ; but the satellites of Uranus are an exception to this 
rule. Their orbits are inclined to the plane of the ecliptic 79°, 
being little less than a right angle ; and their motion in their 
orbits is retrograde, that is, from east to west. 

The distance from the planet, and the periodic times of tiie latelUtet of Uraaoq, 
respecUTely, are as follows ; 

Dist. in miles. Periodic times. Dist. In miles. Periodic times. 

D. H. D. H. 

1 128,000 2 12 I 8 28t,000 8 IT 

8 1X1,000 4 8 I 4 376,000 18 U 



NEPTUNE. 

617. This is the most distant of the primary planets, and in 
some respects one of the most interesting. It is about 37,000 miles 
in diameter, is situated at the mean distance of 2,746,000,000 
miles from the Sun, and revolves around him in 164^ years. So 
remote is this newly-discovered member of the solar system, that 
for a body to reach it, moving at railroad speed, or 30 miles an 
hour, would require more than ten thousand years ! 

518. The circumstances of the discovery of this planet are at 
once interesting and remarkable. Such is the regularity of the 
planetary motions, that astronomers are enabled to predict, with 
great accuracy, their future places in the heavens, and to con- 
struct tables, exhibiting their positions for ages to come. Soon 
after the discovery of Uranus, in 17,81, his orbit was computed, 
and a table constructed for determining his future positions iu 
the heavens, but instead of following the prescribed path, or 
occupying his estimated positions, he was found to be yielding tc 
some mysterious and unaccountable influence, under which he 
was gradually leaving his computed orbit, and failing to meet 
conditions of the tables. 

516. Number of Moons? By whom discovered? Is it certain that Uranus has «ls 
liUalUtes? Why doubtful? 617. Distance and diameter of Neptune? Period?, HaiS 
king to pass from the Sun to it at railroad speed ? 618. What remarkable ckcura- 
Siftiijes respecting its discovery* Perturbati'^n ? 
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519. At first this discrepancy between the observed and ibe 
totfiimated places of Uranus, was charged upon the tables, and u 
new orbit and new tables were computed, which it was thought 
could not fail to represent the future places of the planet. But 
these also seemed to be erroneous, as it was soon discovered that 
the computed and observed places did not agree, and the differ- 
ence was becoming greater and greater every year. This was 
•n anomaly in the movements of a planetary body. It was not 
strange that it should be subject to perturbations, from the attrac- 
tive influence of the large planets Jupiter and Saturn, as these 
were known to act upon him, as well as upon each other, and 
the smaller planets, producing perturbations in their orbits, but 
all this had been taken into the account in constructing the 
tables, and still the planet deviated from its prescribed path. 

520. To charge the discrepancy to the tables, was no longer 
reasonable, though it was thought perhaps sufficient allowance 
had not been made, in their computation, for the disturbing influ- 
ence of Jupiter and Saturn. To determine this question, M. Le- 
verrier, of Paris, undertook a thorough discussion of the sub- 
ject, and soon ascertained that the disturbing influence upon 
Uranus of all the known planets, was not sufficient to accpnnt 
for the anomalous perturbations already described, and that they 
were probably caused by some v/nkiunon pla^iet, revolving beyond 
the orbit of Uranus. From the amount and effect of this dis- 
turbing influence from an unknown source, the distance, magni- 
tude, and position of the imaginary planet were computed. 

521. At this stage of the investigation, Leverrier wrote to 
nis friend. Dr. Galle, of Berlin, requesting him to direct his 
telescope to that part of the heavens in which his calculations 
had located the new planet, when lo I there he lay, a thousand 
miliums of miles beyond the orbit of Uranus, and yet within less 
than one degree of the place pointed out by Leverrier 1 This 
was on the 1st of September, 1846. 

522. While M. Leverrier was engaged in his calcnlations at 
Paris, Mr. Adams, a young mathematician of Cambridge, Eng- 
land, was discussing the same great problem, and had arrived at 
Bimilar results even before M. Leverrier, though entirely igno- 
rant of each other's labors or conclusions. This seems to estab- 



519. To what attributed at first? What done to correetf What then? 690. What 
qtxt undertalcen, and by whom f What result and conclusion ? 521. What reinarkabl« 
computation and letter? Result of Dr. 6alie*s search f 522. Who else inresticatins 
the subject at the same time ? His conclusions ? What fact does this establish? Wh^ 
not Adorns the discoverer? 
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Enh the fact, that the new planet was discovered by calculation, 
though the failure of Mr. Adams to publish his conclusions, cut 
off his right to the honor of the discovery. 

523. Since the discovery of this planet,' it has been ascertained 
that it was seen as far back as 1795, though supposed to be a 
Sxed star, and catalogued as such ; and that all the irregulari- 
ties of Uranus, with which astronomers were so much perplexed, 
1TG perfectly accounted for by the influence of the new planet. 

524. Neptune is attended by but one satellite, so far as le 
known. It was discovered by Mr. Lassell, of Stai-field, near 
Liverpool, October 12, 1846. It revolves around its primary 
in 5 days and 21 hours, at a distance of 220,000 miles from tho 
planet's centre. Its orbit is inclined to the plane of the ecliptic 
29°, and its motion in its orbit is supposed to be retrojrade, like 
the direction of the satellites of Uranus. 



CHAPTER IX. 

OOMETSL-THEIR NATURE, MOTIONS, ORBITS, &o. 

525. Comets, whether viewed as ephemeral meteors, or as 
substantial bodies, forming a part of the solar system, are objects 
of no ordinary interest. When, with uninstructed gaze, we look 
upwards, to the clear sky of evening, and behold, among the 
multitudes of heavenly bodies, one, blazing with its long train 
of light, and rushing onward towards the center of our system, 
we insensibly shrink back as if in the presence of a supernatural 
being. But when, with the eye of astronomy, we follow it 
through its perihelion, and trace it far off, beyond the utmost 
verge of the solar system, till it is lost in the infinity of space, 
not to return for centuries, we are deeply impressed with a sense 
of that power which could create and set in motion such 
bodies. 

526. Comets are distinguished from the other heavenly bodies, 
by their appearance and motion. The appearance of the planets 

088. Has Neptune erer been seen prior to 1846? What supposed to be? Does it 
account for the perturbation of Uranus? b:24. Has Neptune a satellittir When, and 
by whom discovered? What said of ringtt 535. Subject of this chapter? Ho« 
oineta regarled by the uninstructed? By .the astronomer? 526. How dintinifiialiel 
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Is globalar, and their motion around the San is nearly in the 
same plane, and from west to east ; bat the comets have 
variety of forms, and their orbits are not confined to any pap. 
ticular part of the heavens ; nor do they observe any one general 
direction. 

The orbits of the planets approach nearly to circles, while 
those of the comets are very elongated ellipses. A wire hoop, 
for example, will represent the orbit of a planet. If two oppo- 
site sides of the same hoop be extended, so that it shall be long 
and narrow it will then represent the orbit of a comet. Tho 
San is always iu one of the foci of the comet's orbit. 

ORBIT or A OOHKT. 




Here' it trill be seen that the orfolt is rery eccentric, that the* perihelfcm point It Tery 
near the Sun, and the aphelion point very remote. 

There is, however, a practical difBcolty of a peculiar nature which embarrasses the 
solution of the question as to the form of the cometary orbits. It so happens that the 
only part of the course of a comet which can ever be visible, is a portion throughout 
which the ellipse, the parabola, and hyperbola, so closely resemble each other, that no 
observations can be obtained with sufficient accuracy to enable us to distinguish them. 
In fact, the observed path of any comet, while visible, may belong either to an ellipse, 
parabola, or hyperbola. 

627. That part which is usually brighter^ or more opaqv^, than 
the other portions of the comet, is called the nudetus. This is 
surrounded by an envelope^ which has a cloudy, or hairy appear- 
ance. These two parts constitute the body, and, in many 
instances, the whole of the comet. Most of them, however, are 
attended by a long train, called the tail ; though some are with- 
out this appendage, and as seen by the naked eye, are not easily 
distinguished from the planets. Others again, have no apparent 
nucleus, and seem to be only globular masses of vapor. 

Nothing is known with certainty of the composition of these bodies. The envelope 
I4>liear8 to be nothing more than vapor, becoming more luminous and transparent when 

lYom other bodies? Form? Orbits? What practical difBcvlty mentioned? 5tT. 
What is the nucleus of a comet? The envelope f The tailf Have all comets thes^ 
three parts ? Do "ve Understand of what they are composted ? What evidence of th«ta 
fixtreme tenuity? 
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approaching the Sun. As the comets pass between us and the fixed stars, their envel':%pe j 
and tails are so thin, that stars of very small magnitude may be seen through tliem. 
Borne comets, hiving no nucleus, are transparent throughout their whole extent. 

528. The nucleus of a comet sometimes appears opaque, and 
H then resembles a planet. Astronomers, however, are not 
agreed upon this point. Some affirm that the nucleus is always 
transparent, and that comets are in fact nothinp^ but a mass of 
vapor, more or less condensed at the center. By others it is main- 
tained that the nucleus is sonfetimes solid and opaque. It 
seems probable, however, that there are three classes of comets, 
viz. ; 1st. Those which have no nucleus, being transparent 
throughout their whole extent ; 2d. Those which have a trans- 
parent nucleus ; and, 3d. Those having a nucleus which is soUd 
and opaque. 

529. A comet, when at a distance from the Sun, viewed 
through a good telescope, has the appearance of a dense vapor 
surrounding the nucleus, and sometimes flowing far into the 
regions of space. As it approaches the Sun, its light becomes 
more brilliant, till it reaches its perihelion, when its light is more 
dazzling than that of any other celestial body, the Sun excepted. 
In this part of its orbit are seen to the best advantage the phe- 
nomena of this wonderful body, which has, from remote antiquity, 
been the specter of alarm and terror. 

530. The luminous train of a comet usually follows i/, as it 
approaches the Sun, and goes before it, when the comet recedes 
from the Sun ; sometimes the tail is considerably curved towards 
the region to which the comet is tending, and in some instances, 
it has been observed to form a right angle with a line drawn 
from the Sun through the center of the comet. The tail of the 
comet of 1744, formed nearly a quarter of a circle ; that of 
1689 was curved like a Turkish sabre. (Map IX., Fig. 13.) 
Sometimes the same comet has several tails. That of 1744 had, 
at one time, no less than six, which appeared and disappeared ic 
a few days. (See Map IX., Fig. 74.) The comet of 1823 
had, for several days, two tails ; one extending towards the Sun, 
and the other in the opposite direction. 

531. Comets, in passing among and near the planets, are ma^ 
terially drawn aside from their courses, and in some cases have 
their orbits entirely changed. This is remarkably true in regard 

688. What difference of opinion respecting t* e nucleus of comets ? What probable 

volution ? 629. How do they appear when viewed through a telescope at a .'listauct 

ftrom the Sun? As it approaches him? Where seen to best advantage? 63D. Uau.U 

lirection of the trains of comets? Other iMwitions? Comet of 1744? Of lb8§? 0/ 

S28? 581. Influence of attraction upon conieis? niustrations ? Comet of 1770? 
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to Jupiter, which seoras by some strange fatality lo be coiiatabtl} 
in their way, and to serve as a perpetual stumbling-block to 
them. 

* Tht remarkable comet of 1770, which wai found by LexeU to rerolTe in a modetate 
eUlpse, \n a period of about five years, actually jot entangUd among the satellites of 
Jupiter, and thrown out of its orbit by the attractions of tliat planet," and has not beeo 
heard of since.— //S^r/KsA^/, p. 810. By this extraordinary rencontre, the motions of 
Jupiter's latellites suffered not th^ least perceptible derangement ; a suf&cient proof of 
tli>i aeriform nature of the comet's mass. 

632. It is clear from obsefvation, that comets contain very 
little matter. For they produce little or no eflFect on the motion 
of the planets when passing near those bodies ; it is said that a 
comet, in 1454, eclipsed the Moon ; so that it must have been 
very near the Earth ; yet no sensible eflFect was observed to be 
produced by this cause, upon the motion of the Earth or the 
Moon. 

The obsepratioiis of philosophers upon comets, have as yet detected nothing of their 
nature. Tycho Brahe and Appiac supposed their uils to be produced by the rays of the 
Sun transmitted through the nucleus, which they supposed to be transparent, and to ope- 
rate as a lens. Kepler thought they were occasioned by the atmosphere of the comet, 
driven off by the impulse of the Sun's rays. This opinion, with some modification, was 
also maintained by Buler. Sir Isaac Newton conjectured that they were a thin vapor, 
rising from the heated nucleus, as smoke ascends from the Earth ; while Dr. Uamiltoo 
supposed them to be streams of electricity. 

** That the luminous part of a comet,'' says Sir John Herschel, ^ is something in the 
nature of a smoke, fog, or cloud, suspended in a transparent atmosphere, is evident from 
a fact which has been often noticed — vis., that the portion of the tail where it comes up 
to, and surrounds the head, is yet separated from it by an interval less luminous ; as we 
often see one layer of clouds laid over another with a considerable clear space between 
them." And again : '* It follows that these can only be regarded as great masses of thin 
vapor, susceptible of being penetrated through their whole substance by the sunbeams." 

533. Comets have always been considered by the ignorant and 
superstitious, as the harbingers of war, pestilence, and famine. 
Nor has this opinion been, even to this day, confined to the 
unlearned. It was once universal. And when we examine the 
dimensions and appearances of some of these bodies, we ceas^ 
to wonder that they produced universal alarm. 

According to the testimony of the early writers, a comet which could be seen in day- 
light with the naked eye, made its appearance 43 years before the bhrth of our Saviour. 
This date was just after the death of Csesar, and by the Romans, the comet was believed 
to be his metamorphosed suul, armed with fire and vengeance. This comet Is again men- 
tioned as appearing in 1106, and then resembling the Sun in brightness, being of a great 
siae, and having an immense tail. In the year 1402, a comet was seen, so brilliant as to 
l>c discerned at noon-day. 

534. In 1456, a large comet mads its appearance. It spread 



582. What said of their physical natures ? Opinion of Tycho Brahe f Of Kepler and 
Buler ? Of Newton an J Dr. Hamilton ? Of Sir John Herschel f 583. How have comets 
usually been regarded by the ignorant? What remarkable comet mentioned? 584. 
What comet in 1456 ? Effoct of its appearance ? Has It appeared since ? l\ji period? 
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a wider terror than was ever known before. The belief was very 
general, among all classes, that the comet would destroy the 
Earth, and that the Day of Judgment was at hand 1 

The same comet appeared again in the years 1531, 1607, 1683, 
1758 and* 1835. It passed its perihelion in November, 1836, 
and will re-appear every 75^ years thereafter. 

At fbe time of the appeanmee of this eomet, tils Tatti extended their rletorlons enni 
across the Hellespont, and seemed destined to orerran all Europe. This added not a 
little to the general gloora. Under all these impressions, the people noeined totally re- 
gardless of the present, and anxioas only for the future. The Romish Church held nt 
this time anboimded sway orer the lives, and fortunes, and consciences of men. To 
prepare the world for its expected doom, Pope Calixtus III. ordered the Ave Maria to 
he repeated three times a day, instead of two. He ordered the church hells to he rung 
at noon, which was the origin of that practice, so nnirersal in Christian Churches. 

The comet, after some months, hegan to show signs of retreat, and soon disappeared 
from those eyes in which it fomsd no fator. Joy and ttanquiUlty soon returned. 

535. The comet of 1680 would have been still more alarming 
than that of 1456, had not science robbed it of its terrors, and 
history pointed to the signal failure of its predecessor. This 
comet was of the largest size, and had a tail whose enormous 
length was more than runeiv-six millions of miles. (Map IX.. 
^ig. 15.) 

At its greatest distance, it is 13.000,000,000 of miles from 
the Sun ; and at its nearest approacn, only 574,000 miles from 
his center ;* or about 130,000 miles from his surface. In that 



* In Brewster's edition of Ferguson, this distanee is stated as only 49,000 miles. This 
is evidently a mistake ; for it the comet approached the Sun*8 center within 49,000 miles, 
it would penetrate 890,000 miles helow the surface ! Taking Ferguson's own elements for 
computing the perihelion distance, the result will be 494,4o0 miles. Ttie mistake may be 
accounted for, by supposing that the cynher had been omitted in the copy, and the period 
pointed off one figure farther to the left. Yet, with this alteration, it would be still incor* 
rect ; because the Earth's mean distance from the Sun, which is the integer of this calcu- 
lation, is assumed at 82,000,000 of miles. The ratio of the comet's perihelion distance 
from the Sun, to the Earth's mean distance, as given by M. Pingr6, is as 0.00608 to 1. 
This multiplied mto 95,278,869, gives 574,500 miles for the comet's perihelion distance 
from the Sun's oenUr; from which, if we substract his semi-diameter, 448,840 miles, we 
■hall have 180,660 miles, the distance of the comet from the surface of the Sun. 

Again, if we divide the Earth's mean distance from the Sun, by the comet's perihelion 
distance, we shall find that the latter is only l-166th part of the Eartli's distance. Now 
ttie square of 166 is 27,656; and this expresses the number of times that the Sun appears 
Mrger to the comet, in the above situation, than it does to the Earth. Squire makes it 
84,596 times larger. 

According to Newton, the velocity is 880,000 miles per hour. More recent discoveries 
indicate a velocity of 1,240,108 miles per hour. 



^ddents respecting the Turks and Church of Borne f 686. Comet of 1680 f Length o 
l*« tail? Aphelion and perihelion distances? Eapidlty of its motion when nearest the Sun < 
^Tiat error corrected? Appearance of the Sun from that point? Heat of the comet 
Inilicates what? Fanciful theory of Dr. Whiston, and remarks upon it? 
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part of its orbit which is nearest the San, it flies with the l. 
Ing swiftness of 1,000,000 miles in an hour, and the Son, as seeft 
from it, appears 27,000 times larger than it appears to as ; con- 
sequentlj, it is then exposed to a heat 27,000 times greater than 
the solar heat at the Earth. This intensity of heat exceeds, 
several thousand times, that of red-hot iron, and indeed all th« 
degrees of heat that we are able to produce. A simple mass of 
Tapor, exposed to a thoosandth part of such a heat, would be 
at once dissipated in space — a pretty strong indication that, 
however volatile are the elements of which comets are composed, 
they aro, nevertheless, capable of enduring an inconceivable 
iutensi^/ of both heat and cold. 

This ' tbe oomet which, aoeording to the reTeriet of Dr. Whiston and others, deluged 
the wr id in the time of Noah. Whinton was the friend and successor of Newton ; but, 
anxit us to Icnow more than Is rerealed, he passed the bounds of sober philosophy, and 
presumed not only to fix the residence of the damned, but also the nature of their punish- 
ment. According to tliis theory, a comet was the awftil prison-house in which, as it 
wheeled from the remotest regions of darkness and cold into the very Ttcinlty of the 
Hun, hurrying its wretehed tenants to the extremes of perishing cold and devouring fire, 
the Almighty was to dispense the severities of his Justice. Such theories may be ingenious, 
but they have no basis of f:icts to rest upon. They more properly belong to tlie chimeras 
of Astrology, than to the science of Astronomy. 

536. When we are told by philosophers of great caution and 
high reputation, that the fiery train of the comet, just alluded 
to, extended from the horizon to the zenith ; and that that of 
1744 had, at one time, six tails, each 6,000,000 of miles long, 
long, and that another, which appeared soon after, h^id one 
40,000,000 of miles long, and when we consider also the incon- 
ceivable velocity with which they* speed their flight through the 
solar system, we may cease to wonder if, in the darker ages, 
they have been regarded as evil omens. 

But these Idle fantasies are not peculiar to any age or country. Even In oor o^m 
times, the beautiful comet of 1811, the most splendid one of modem times, was generally 
considered among the superstitious, as the dread harbinger of the war which was 
declared in the following spring. It is well known that an indefinite apprehension of a 
more dreadful catastrophe lately pervaded botli continents, in anticipation of Biela*s 
comet of 1S8». 

587. The nucleus of the comeN of 1811, according to observa- 
tions made near Boston, was 2617 miles in diamete *, correspond- 
ing nearly to the size of the Moon. The brilliancy with which 
it shone, was equal to one-tenth of that of the Moon. The 
envelope, or aeriform covering surrounding the nucleus, was 
24,000 miles thick, about ^ve hundred times as thick as tlie 
atmosphere which encircles the Earth ; making the diameter of 
comet, including its envelope, 50,617 miles. It had a verj 

A80. Why not strange that these comets were regarded as evil omens f^ Are such 

jtitiops peculiar to any age or country" * "^ "' ' ^^ 

of 181 1 f Its moUon at its perihelion ? 
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(aminoas tail, whose greatest length was one hundred millions of 
mhs. Map IX., Fig. 16. This comet moved, in its perihelion, 
with an almost inconceivable velocity — fifteen hundred times 
l^nreater than that of a ball barsting fh>m the month of a cannon. 
538. According to Regiomontanns, the comet of 1472 moved 
over an arc of 120° in one day. Brydone observed a comet at 
Palermo in 1170, which passed through 50° of a great circle in 
the heavens in 24 hours. Another comet, which appeared in 
1759, passed over 41° in the same time. The conjecture of Dr. 
Salley, therefore, seems highly probable, that if a body of such a 
fiize, having any considerable density, and moving with such a 
velocity, were to strike our Earth, it would instantly reduce it 
t4> chaos, mingling its elehients in ruin. 

The traxMlent effect of a body passing near the Earth, eould scarcely amount to anjr 
great convnlsion, says Dr. Brewster ; but if the Earth were actually to receire a shook 
from one of these bodies, " having any considerable density," the consequences would 
indeed be awful. A new direction would be giren to its rotary motion, and it would 
revoWe around a new axis. The seas, forsaking their beds, would be hurried, by their 
cenuifaf^al force, to the new equatorial regions ; islands and continenUi, the abo«les of 
vaetk and animals, would be covered by the universal rush of the waters to the new 
equator, and every vestige of human industry and genius would be at once destroyed. 
But ao far as we are as yet acquainted with these singular bodies, they are altogether too 
dghi and gasseous to produce any such results by collision. 

539. The chances against such an event, however, are so very 
numerous, that there is no reason to dread its occurrence. The 
French government, not long since, called the attention of some 
of her ablest mathematicians and astronomers to the solution of 
this problem ; that is, to determine upon mathematical prindjples, 
how many chances of collision the Earth was exposed to. After a 
mature examination, they reported — " We have found that, of 
281,000,000 of chances> there is only one unfavorable — there ex- 
ists but one which can produce a collision between the two bodies.** 

•« Admitting, then," say they, ** for a moment, that the comets which may strike the 
9!arth with their nucleuses, would annihilate the whole human race ; the dnnger of death 
to each Individual, resulting from the appearance of an trnkrunon oonwt^ would be 
exactly equal to the risk he would run, if in an urn there was only one Hngl^ white ball 
among a total number of 281,000,000 balls, and that his condemnation to death would b« 
the inevitable consequence of the white ball being produced at the first drawing." 

A little reflection, however, will show that all such fears are groundless. The same 
unerring hand that guides the ponderous planet in its way, directs also the majestio 
comet ; an4 where infinite wisdom i^nd almighty power direct, it is almost profane to talk 
of collision or accident. 

640. We have before stated that comets, unlike the planets, 
.observe no one direction iu their orbits, but approach to, and 
recede from their great center of attraction, iu every possible 

868. Velocity of the comet of 1472? Of 17T0T Of 1759? Dr. Halley's conjecture! 
Dr. Brewster's ? Gould a comet ]>roduce any such effects? 589. Is such a mlliatoo 
probable? Why not? 540. What said of the orbits of comets and their /aririaii 
Oiwclions? 
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direction. Nothing can be more snblime, or better calculated to 
fill the mind with profound astonishment, than to contemplate the 
reTolution of comets, while in that part of their orbits which 
comes within the sphere of the telescope. Some seem to come 
up from the immeasurable depths below the ecliptic, and, having 
doubled the heavens' mighty cape, again plunge downward with 
their fierj trains, 

** On Uie long tmrel of a thousand years.** 

Others appear to come down from the zenith of the universe 
to double their perihelion about the Sun, and then reascend far 
above all human vision. Others are dashing through the solar 
system in all possible directions, and apparently without any 
undisturbed or undisturbing path prescribed by Him who guides 
and sustains them all. 

541. Until within a few years, it was universally believed that 
the periods of their revolutions must necessarily be of prodigious 
length ; but within a few years, two comets have been discov> 
ered, whose revolutions are performed, comparatively, within 
our own neighborhood. To distinguish them from the more 
remote, they are denominated the Comets of a short period. The 
first was discovered in the constellation Aquarius, by two French 
astronomers, in the year 1786. The same comet was again 
observed by Miss Caroline Herschel, in the constellation Gygnus, 
in 1195, and again in 1806. In 1818, Professor Encke deter- 
mined the dimensions of its orbit, and the period of its sidereal 
revolution ; for which reason it has been called " Eiuk^s Comet, ' 
Map IX., Fig. 7T. 

This comet performs its revolution around the Sun In about 8 years and 4 months, In 
an elliptical orbit which lies wholly within the orbit of Jupiter. Its mean distance from 
the Sun is 212,000,000 of mUes ; the eccentricity of its orbit is 179,000,000 of mUes ; con- 
sequently, is 858,000,000 of miles nearer the Sun in its perihelion, than it is in ita aphe> 
lion. It was Tisible throughout the United States in 1826, when it presented a Ana 
appearance. It was also observed at its next return in 1838 ; but its return to its perihe> 
hon on the 6th of May, 1832, was invisible in the United States, on account of its great 
southern declination. It has returned at regular periods since that time. 

542. The second " comet of a short period," was observed in 
IT'72 ; and was seen again in 1805. It was not until its reap- 
pearance in 1826, that astronomers were able to determine the 
elements of its orbit, and the exact period of its revolution. 
This was successfully accomplished by M. Biela of Josephstadt ; 
hence it is called Biela^s Comet, 

Ml. What opinion respecting their periods? What distinction in comets foimded oo 
the lengths of their periods? History of '^^ JSncJte's Comet V* Its period, orbit, mean 
ils'Auce, eccentriJty of its orbit? 542. History of " ^tV^*« Comet f** lU diameter? 
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According to cbsenrations made upon it in 1805, by the celebrated Dr. Gibers, Iti 
diameter, Including ita envelope, is 42,280 miles. It is a curious fact, that the path of 
Biela*s Comet passes very near to that of the Earth ; so near, that at the moment the 
center of the comet is at the point nearest to the Earth's path, the matter of the comet 
extends beyond that path, and includes a portion within it Thus, if tiie Earth were at 
that point of its orbit which is nearest to the path of the comet, at the same moment 
Chat the comet should be at that point of its orbit which is nearest to the path of tho 
Earth, the Earth would be enveloped in the nebulous atmosphere of the comet. 

"With respect to the effect which might be produced upon our atmosphere by such a 
circumstance, it is impossible to ofifer anything but the most vague conjecture. Sir John 
Herschei was able to distinguish stars as minute as the 16th or 17th magnitude ihrotigh 
the body of Ou cotnet I Hence it seems reasonable to infer, that the nebulous matter of 
which it is composed, must be hafinitely more attenuated than our atmosphere ; so that 
for every particle of cometary matter which we should inhale, we should inspire millions 
of parti«>\e8 of atmospheric air. 

643 This is one of the comets that was to come into collision 
with the Earth, and to blot it out from the Solar System. In 
returning to its perihelion, November 26th, 1832, it was comput- 
ed that it would cross the Earth's orbit at a distance of only 
18,600 miles. It is evident that if the Earth had been in that 
p^rt of her orbit at the sanit time with the comet, our atmos- 
phere would have mingled with the atmosphere of the comet, 
and the two bodies, perhaps, have come in contact. But the 
comet passed the Earth's orbit on the 29th of October, in the 
8th degree of Sagittarius, and the Earth did not arrive at that 
point un^U the 30th of November, which was 32 days after- 
wards. 

If we multiply the number of hours in 82 days, by 68,000 (the velocity of the Earth pei 
hoar), we shall find that the Earth was more than 52,000,000 miles behind the comet when 
it crossed her orbit. Its nearest approach to the Earth at any time, was about M, 000,000 
of miles ; its nearest approach to the Sun, was about 88,000,000 of miles. Its mean dis- 
tance from the Sun, or half the longest axis of its orbit, is 387,000,000 of miles. Its 
eccentricity is 258,000,000 of mUes ; consequently, it is 507,000,000 of miles nearer the 
Bon in its perihelion than it is in its aphelion. The period of its sidereal revolution is 
%460 days, or about ^% days. 

544. Although the comets of Encke and Biela are objects of 
very great interest, yet their short periods, the limited space 
within which their motion is circumscribed, and consequently the 
very slight disturbance which they sustain from the attraction 
of the planets, render them of less interest to physical astrono- 
my thap. those of longer periods. They do not, like them, rush 
from the invisible and inaccessible depths of space, and, after 
sweeping our system, depart to distances with the conception of 
which the imagination itself is confounded. They possess none 
of that grandeur which is connected with whatever appears to 
break through the fixed order of the universe. 

What curious fact stated? What result if the Earth were to be enveloped in the comet? 
543. What mischief formerly anticipated from Biela's comet? Its return in 1S82 ? Hox 
near a collision in distance and in timet Its nearest approach to the Earth ? To the 
Sun? Its mean distance from him? Its eccentricity and period? 544. Why are tla 
rnm'-tg of short periods less interesting than others ? For what comet is it reserved i» 
i^^ry' gi ounds for the proudcnt triumphs of mathematical science? 
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II Is reterred for the coiuet of Halley alone to afford the proudest triamphs to thott^ 

rowers of eakalatioo by which we are enabled to foIIoT It in the depths of spaee, 
,000,000,000 of miles beyond the extreme verge of the solar system; and, notwithstntid- 
tng the disturbances which render each succeeding period of its return different from 
the last, to foretell that return with precision. To be able to predict the very day and 
circumstances of the return of such a bodiless and eccentric wanderer, after the lapse 
of so many years, evinces a perfection of the astrunomical calculus that may justly 
^ballenge oar admiration. 

645. "The rc-appearance of Biela's comet," says Herschel, 
** whose return in 1832 was made the subject of elaborate cal- 
culations by mathematicians of the first eminence, did not disap- 
point the expectations of astronomers. It is hardly possible to 
imagine anything more striking than the appearance, after the 
lapse of nearly seven years, of such an all but imperceptible 
cloud or wisp of vapor, true, however , to its predicted sime and 
pUue, and obeying laws like those which regulate the planets." 

Herschel, whose Observatory was at Sloughy England, observed the daily progress of 
this comet from the 84th of Septemb^, until its disappearance, compared its actual posi- 
tion fk-om day to day, with its calculated position, and found them to agree withhi four 
or five minutes of time in right ascension, and within a few seconds of declination. 
Its position, tliea, as represented on a planisphere which the author prepared for his 
pupilf , and afterwards published, was true to within a less space than one-third of its 
pr<\jected diameter. Like some others that have been observed, this comet has no lumi- 
nous train by which it can be easily recognised by the naked eye, except when it is very 
near the Sun. This is the reason why it was not more generally observed at its 4ate 
return. 

Although this comet Is usually denominated **Blda*s comet,** yet it seems that 
M. Gambart, director of the Observatory at Marseilles, is equally entitled to the honor of 
identifying it with the comet of 1772, and of 1805. He discovered it only 10 days afce? 
Biela, and immediately set about calculating its elements from his own observations, which 
are thought to equal, if they do not surpass, in point of accuracy, those of every othei 
astronomer. 

546. Up to the beginning of the Itth century, no correct 
notions had been entertained in respect to the paths of comets. 
K^epler's first conjecture was that they moved in straight lines ; 
but as that did not agree with observation, he next concluded 
that they were parabolic curves, having the Sun near the vertex, 
and running indefinitely into the regions of space at both extre- 
mities. There was nothing in the observations of the earlier 
astronomers to fix their identity, or to lead him to suspiect that 
any one of them had ever been seen before ; much less that they 
formed a part of the solar system, revolving about the San in 
elliptical orbits that returned into themselves. 

641. This grand discovery was reswved for one of the most 
industrious and sagacious astronomers that ever lived — this was 
Dr. Halley, the cotemporary and friend of Newton. When the 
comet of 1682 made its appearance, he set himself about observ- 
ing it with great care, and found there was a wonderful resera- 

546. Remarks on the re-a]ipearance of Biela*s comet? What remarkabi* calculatioi 
referred to? Form of this comet? Is it really Biela's comet? 546. Former know- 
iOdc<^ of the orbits of comeU? 547. What . ^a discovery, and by whom* Pro:cA 
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blance between it and three other comets that he found recorded, 
the comets of 1456, of 1531, and 1607. The times of their 
appearance had been nearly at equal and regular inl-ervals ; their 
perihelion distances were nearly the same ; and he finally proved 
them to be one and the same comet, performing its circuit around 
the Sun in a period varying a little from 76 years. It is, there- 
fore, called Halley's comet. Map IX., Fig. 78.) 

The orbit of Halley's comet extends outward about 120,000,00C 
of miles beyond the orbit of Neptune, as represented in the fol 
lowing cut : 

ourr or hallkt's ooiiBr. 




' This is the same comet that filled the eastern world with so much consternation In 1466^ 
as stated on page 258, and became an ot^ect of such abhorrence to the Church of Rome. 

The periodic times of the three comets just described, are as 
'oUow : 

Encke's, 1212 days. 
BieWs, 2461 days. 
Halley's, 28,000 days. 

Ha!!e7*8 comet, true to Its predicted time and place, Is now (Oct 1885) Tfslble in the 
evening sky. But we behold none of those phenomena which threw our ancestors of the 
middle ages into agonies of superstitious terror. We see not the com^ta horrefui€B 
wtagwUudini9y as it appeared in 1805, nor that tail of enormous length which, In 1456, 
extended over two-thirds of the interval between the horixon and the lenith, nor even a 
star as brilliant as was the same oomet in 1682, with its tail of 80*. 

Its mean distance from the Sun is 1,718,700,000 miles ; the eccentricity of Its orbit is 
1,658,000,000 miles ; consequently it is 8,816,000,000 miles farther from the Sun in its 
aphelion than it is in its perihelion. In the latter case its distance fVom Uie sun is only 
55,700,000 miles ; but in the former it is 8,871,700,000 miles. Therefore, though its aphe- 
lion distance be great, its mean distance is les? than that of Uranus ; and great as is the 
sphelion distance, it is but a very small fraction less than one-flAoe thotMo/ndth part of 
that distance from the Sun, beyond which the very nearest of the fixed stars must be 
situated; and, as the determination of their distance is negative and not positive, the 
nearest of them may be at twice or ten times that distance. 

tt the discovery? Aphelion distance of Halley's comet? What former visit to our sys- 
iem referred to ? Periods of the three comets just described ? Appearance of Halley*i 
lomet in 1685? Its mean distance from the Sun? How compare with that of Uranoc 
do« d^ies bis greatest distance compare with that of the Fixed Stars? 
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648. The orbit of Encke's **■"» ^ bw^kial oomwh. 

comet i8 wholly within the orbit ^.^-""^ ^ - - 

of Japiter, while that of Biela's ^ g^ ""--.. 

extends bat a short distance ^/ *>^ 

beyond it. The aphelion dis- / *— ,S1^^> 

tance of Halley's comet is _ /.-.»lft«»^^f>», .••*' " *" ^ 
3,400,000,000 of miles, or / ' l^^^x- -^-f^ 

550,000,000 of miles beyond /\Q1v "^ v- " 

the orbit of Neptane. And I ( •^V.::-/- \ 

even this is, in reality, a comet \ \ / \ / 

of short period compared with N. .V* V 

many that belong to oar sys- \ >ft t^ / \ 

tern. ><jf %,^ / / 

649. The comet of 1819 wasre- y^ '"- * ' ^ ■ -- -' 

markable for its straight wedge- ^' 

shaped appearance — not altogether unlike a shuttle-cock. It 
exhibited none of that curvature in its form which is an almost 
universal characteristic of cometary bodies. Map IX., Fig. 79. 
660. The comet of 1843 was one of the most magnificent of 
modern times (See Map IX., Fig. 80). It was more than 60** 
in length. In the Southern Hemisphere it was so brilliant as 
to throw a very strong light upon the Earth. As its distance 
from the Sun varied, its color varied, from pale orange to " rose 
red," and then to white. " It passed its perihelion on the 27th 
of February, at which time it almost grazed the surface of the 
Sun, approaching nearer to that luminary than any comet 
hitherto observed. Its motions at this time were astonishingly 
«<wift, and its brilliancy such as to induce the belief that it was at 
a white heat through its whole extent. Its period is supposed 
to be 21|^ years ; consequently this must be its eighth return 
since 1668 ; and it will visit our sphere again in 1865." 

At the time of the appearance of this comet, Rev. Mr. Miller and others were earnestlj 
framing the people of the United States, that the world was to be burned up on the 884 
of April following; and the appearance cf the comet was regarded by many as an indica> 
tion that the end of all things was at hand. 

651. The number of comets which have been observed since 
the Christian era, amounts to 650. Scarcely a year has passed 
without the observation of one or two. And since multitudes 
af them must escape observation, by reason of their traversing 
that part of the heavens which is above the horizon in the day 

648. Where are the orbits of Encke's and Biela*s comets situated? What said of Hal* 
|«y*8 comet r 549. Comet of 1819? 550. That of 1848? Its length? Brilliancy? 
WhaCt <rariation in its color ? Its perihelion passage ? Heat ? Its period ? Next appear- 
QtMe? Incident of its last appearance ? 551. Number of comets^ Why bo few seea? 
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lime, tbeir whole number is probably many thousands. Comets 
BO circumstanced, can only become visible by the rare coinci- 
dence of ia total eclipse of the Sun — a coincidence which hap- 
pened, as related by Seneca, 60 years before Christ, when a 
larfce comet was actually observed very near the Sun. 

Bat M . Arago reasons in the following manner, with respect to the number of comets :— 
The- number of ascertained comets, which, at their least distances, pass within the orbit 
of Mercury, is thirty. Assuming that the comets are uniformly distributed throughout 
the solar system, there will be 117,649 times as many comets included within the orbit of 
Uranus, as there are within the orbit of Mercury. But as there are 80 within the orbit 
of Mercury, there must be 8,529,470 within the orbit of Uranus ! 

552. Of 97 comets whose elements have been calculated by 
astronomers, 24 passed between the Sun and the orbit of Mer- 
cury : 33 between the orbits of Mercury and Venus ; 21 between 
the orbits of Venus and the Earth ; 15 between the orbits of 
Ceres and Jupiter. 49 of these comets move from east to west, 
and 49 in the opposite direction. The total number of distinct 
comets, whose paths during the visible part of their course had 
been ascertained, up to the year 1865, was about one hundred 
and fifty. 

553. What regions these bodies visit, when they pass beyond 
the limits of our view ; upon what errands they come, when 
they again revisit the central parts of our system ; what is the 
difference between their physical constitution and that of the 
Sun and planets ; and what important ends they are destined 
to accomplish in the economy of the Universe, are inquiries 
which naturally arise in the mind, but which surpass the limited 
powers of the human understanding at present to determine. 

554. Such is the celestial system with which our Earth was 
associated at its creation, distinct from the rest of the starry 
hosts. Whatever may be the comparative antiquity of our 
globe, and the myriads of radiant bodies which nightly gem the 
immense vault above us, it is most reasonable to conclude, that 
the Sun, Earth, and planets differ little in the date of their 
origin. This, fact, at least, seems to be philosophically certain, 
that all the bodies which compose our solar system must have 
been placed at one and the same time in that arrangement, and 
in those positions in which we now behold them ; because all 
maintain their present stations, and motions, and distances, by 
their mutual action on each other. Neither could it be where it 

Phenomenon 60 years before Christ? M. Arago's reasoning and conclusion? 662. 
Perihelion di£ tances of various comets f Directions in longitude ? Number whose patha 
have been ascertained? 558. What inquiries awakened by the visits of comf-tar^ 
bodies? 5^^* Remarks respecting the date of the solar system? What supposed ^/t>ai 
that the whole system was created at once ? 
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is, nor znore as it does, oor appear as we see it, unless they 
were all co-existent. The presence of eacli is essential to the 
system — the Snn to them, they to the Sun,, and all to each 
other. This fact is a strong indication that their formation wan 
simultaneous. 



CHAPTER X. 



OF THE FORCES BY WHICH THE PLANETS AJiE 
RETAINED IN THEIR ORBITS. 

555. Having described the real and apparent motions of tba 
bodies which compose the solar system, it may be interesting 
next to show, that these motions, however varied or complex 
they may seem, all result from one simple principle, or law, 
namely, the 

LAW OP UNIVERSAL GRAVrTATION. 

By gravitation is meant, that universal law of attraction, by 
which every particle of matter in the system has a tendency to 
every other particle. This attraction, or tendency of bodies 
towards each other, is in proportion to the quantity of matter 
they contain. The Earth, being immensely large in comparison 
with all other substances in its vicinity, destroys the effect of 
this attraction between smaller bodies, by bringing them all to 
itself. 

It is said, that Sir Isaac Newton, when he was drawing to a close the demonstration ot 
die great truth, that gravity is the cause which Iceeps the heavenly bodies in tlieir orbits, 
was so much agitated with the magnitude and importance of the discovery be was about 
lo make, that he was unable to proceed, and desired a firieod to finish what the intensity 
•f his feelings did not allow him to do. 

566. The attraction of gravitation is reciprocal. All bodies 
not only attract other bodies, but are themselves attracted, and 
both according to their respective quantities of matter. The 
Sun, the largest body in our system, attracts the Earth and all 
the other planets, while they in turn attract the Sun. The 

555. Suliject of this chapter? What is meant by gravitation f Upon what does tht 
amount of this attraction depend? Influence of the Earth? Aneodote of Newton f 
had. Is attraction reciprocal? What illustration cited? Ways in which attrartioa 
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Earth, also, attracts the Moon, and she in turn attracts the 
Earth. A ball, thrown upwards from the Earth, is brought 
again to its surface ; the Earth's attraction not only counter- 
balancing that of the ball, but also producing a motion of the 
ball towards itself. 

This disposition, or tendency towards the Earth, is manifested In whaterer tells, whether 
It be a pebt?e from the hand, an apple from a tree, or an avalanche from a mountain. 
All terrestial bodies, not excepting the waters of the ocean, gravitate towards the center 
i>f the Earth, and it is by the same power that animals on all parts of the globe stand 
with their feet pointing tu its center. 

551. The power of terrestial gravitation is greatest at the 
Earth's surface, whence it decreases both upwards and down- 
wards ; but not both ways in the same proportion. It decreases 
upwards as the square of the distance from the Earth's center 
increases ; so that at a distance from the center equal to twice 
ibe semi-diameter of the Earth, the gravitating force would be 
only one-fourth of what it is at the surface. But below the sur- 
face, it decreases in the direct ratio of the distance from the 
center ; so that at a distance of half a semi-diameter from the 
center, the gravitating force is but half of what it is at the 
surface. 

Weight and Orattity^ in this case, are synonymous terms. We say a piece of lead 
weighs a pound, or 16 ounces ; but if by any means it could be raised 4000 miles abovo 
die surfihce of the Earth, which is about the distance of the surface from the center, and 
consequently equal to two semi-diameters of the Earth above its center, it would weigh 
)nl7 one-fourth of a pound, or four ounces ; and if the same weight could be raised to an 
elevation of 12,000 miles above the surface, or four semi-diameters above the center of 
the Karth, it would there weigh only one-sixteenth of a pound, or one ounce. 

558. The same body, at the center of the Earth, being equally 
attracted in every direction, would be without weight ; at 1000 
miles from the center it would weigh one-fourth of a pound : at 
2000 miles, one-half of a pound ; at 300C miles, three-fourths of 
a pound ; and at 4000 miles, or at the surface, one pound. 

It is a universal law of attraction, that its power decreases as 
the square of the distance increases. The converse of this is also 
true, viz.: The power increases as the square of the distance 
decreases. Giving to this law the form of a practical rule, it will 
stand thus : 

7'Ae gravity of bodies above the surface of the Earth decreases 
m a duplicate ratio (or as the squares of their distances), in semi* 
diameters of the Earth, from the Earth's center. That is, when 

aianirests itself? S57. Where is the power of terrestrial gravitation greatest? How 
liminished ? In what ratio as we ascend abov? the Earth ? As we descend toward it? 
Mnterf Are weight and gravity the same ? 658. What would be the weight of a bod^ 
\i the Earth's venter ? At 100 mUes from the center ? At 2000 mUes ? At 4000 ? Wha; 
inir^rtKi %▼? What role bas«d ttpon this law? What ilhistratioM given f What ruU 
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the gravity is inereofing, multiply the weight by the square of 
the distance ; but when the gravity is decreasing^ divide, tho 
weight by the square of the distance. 

Suppose ft body welgha 40 pounds at 2000 mnes abore the Sftrth*8 surface, what would 
It weifh at the surface, estimating the Earth's semi-diameter at 4000 miloe. From tlie 
center to the giren heifht, \%\H semi-diameters: the square of l)i«or IJb is 2^, which, 
multiplied into the weight (40), gives 9«) pounds, tlie answer. 

Suppose a body which weighs 256 pounds upon the surfltoe of the Earth, be raised Is 
the distance of the Moon (940,000 miles), what would be its we.gfat? Thus, 4000)240,000(00 
semi-diameters, the square of which is 8600. As the grwity in this case is decreasing, 
divide the weight by the square of the disUnoe, and it wiU give 8fl00>256(l-l$th of a 
pound, or 1 ounce. 

To And to what height a giren weight must be raised to lose a certain portion of its 
weight. 

KuLK.— ZHvlcftf 1h$ v€ighi at the mtiibce by 1h« required weighty and eaotrad the 
square root q^ the quoUeiU, Ex. A boy weighs 100 pounds, how high must he be carried 
to weigh but 4 pounds t Thus, 100 divided by 4, gives 25, the square root of which is ft 
semi-diameters, or 20,«)00 miles above the center. 

559. Bodies of equal magnitude do not always contain equal 
quantities of matter j a ball of cork, of equal bulk with one of 
'ead, contains less matter, because it is more porous. The Sun, 
though fourteen kunditd thousand times larger than the Earth, 
being much less dense, contains a quantity of matter only 
365,000 as great, and hence can exert an attractive force only 
355,000 times greater than that which the Earth is capable oi 
exerting. 

The quantity of matter in the Sun is 780 times greater than that of all the planets and 
>RteUitc8 belonging to the Solar System ; consequently, their whole united force of attrsc- 
Ciun is 780 times less upon the Sun, than that of the Sun upoc them. 

OBMtBB 07 OEATITT. 




560. The Center of Gravity of a body, is that point in whicfc 
lis whole weight is concentrated, and upon which it would rest, 
if freely suspended. If two weights, one of ten pounds, the 
other of one pound, be connected together by a rod eleven feet 
long, nicely poised on a center, and then be thrown into a free 
rotary motion, the heaviest will move in a circle with a radius of 
oue foot, and the lightest will describe a circle with a radius of 
ten feet ; the center around which they move is their common 
center of gravity. (See the Figure.) 

ro find what height a given weight must be raised to lose a certain portlop of Hi 
weight? 659. Do bodies attract in proportion to their bulic? Why not? Whatillib- 
trattonst Quantity of matter in the Sunt 5<S0. What is moant by the center «f 
Sravi^y f UlostrationV Uow with the Sun and planets f How would it be if there waj 
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Thas the Suii and planets move around in an imaginuy point 
as a center, always preserying an equilibriam. 

If there were bat one body in the universe, provided it were of oniform dend^, th( 
.-tenter of it would be the center of gravity towards which all the surrounding portioat 
would uniformly tend, and they would thereby balance each other. Thus the center of 
gravity, and the body itself, would for ever remain at rest It would neitljer move up nor 
down ; there being no other body to draw it in any direction. In this case, the terms vp 
and doum, would have no meaning, except as applied to the body itself, to express the 
direction of the surface from the center. 

661. Were the Earth the only body revolving about the Sun, 
as the Sun's quantity of matter is 315,000 times as great as 
that of the Earth, the Sun would revolve in a circle equal only 
to the three hundred and fifteen thousandth part of the Earth's 
distance from it ; but as the planets in their several orbits vary 
their positions, the center of gravity is not always at the same 
distance from the Sun. 

The quantity of matter in the Sun so far exceeds that of all 
the planets together, that were they all on one side of him, ho 
would never be more than his own diameter from the common 
center of gravity ; the Sun is, therefore, justly considered as the 
center of the system. 

562. The quantity of matter in the Earth being about 80 
times as great as that of the Moon, their common center of 
gravity is 80 times nearer the former than the latter, which is 
about 3000 miles from the Earth's center. The secondary planets 
are governed by the same laws as their primaries, and both 
together move around a common center of gravity. Every sys- 
tem in the universe is supposed to revolve in like manner, around 
me common center, 

ATTRACTIVE AND PROJECTILE FOBCES. 

563. All simple motion is naturally rectilinear ; that is, all 
bodies put in motion would continue to go forward in straight 
lines, as long as they met with no resistance or diverting force. 
On the other hand, the Sun, from his immense size, would, by 
the power of attraction, draw all the planets to him, if his 
attractive force were not counterbalanced by the primitive im- 
pulse of the planetary bodies to move in straight lines. 

564. The attractive power of a body drawing another body 

Imt one body in the nniyerse? 561. Suppose the Earth was the only body reyolyina 
around the Sun f Is the center of fpravi^ always at the same distance A-om the Sun r 
Why not f Uow would it be if all the planets were on one side of him? 662. What is 
Ibe amoimt of matter in the Earth as compared with the Moon? Uow with ^he second- 
ary planets ? With other systems in the uniyerse? 668. What is the character of all 
ftrmple moUoB t What iUustraUons given t 0$4 What is the attractire power called! 
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towards the center, is denominated Ceniripetal force ; and the in» 
dencj of a revolving body to fly from the center in a vangent 
lino, is called the FrcjecHU or Centrifugal force. The joint 
action of these two central forces gives the planets a circalaor 
motion, and retains them in their orbits as they revolve, the pri- 
maries about the Sun, and the secondaries about their primaries. 
565. The degree of the Sun's attractive power at each par- 
ticular planet, whatever be its distance, is uniformly equal to 
the centrifugal force of the planet. The nearer any plane c is to 
the Sun, the more strongly is it attracted by him ; the farther 
any planet is from the Sun, the less is it attracted by him ; 
therefore, those planets which are the nearer to the Sun, must 
move the faster in their orbits, in order thereby to acquire cen- 
trifugal forces equal to the power of the Sun's attraction ; and 
those which are the farther from the Sun, must move the slower, 
in order that they may not have too great a degree of centri* 
fugal force, for the weaker attraction of the Sun at those 
distances. 

LAWS OF PLAXETABT MOnOK. 

566 Three very important laws, governing the movements of 
the planets, were discovered by Kqfler, a German astronouicr, 
in 1609 In honor of their discoverer, they are called Kepler'i 
Laws, Kepler was a disciple of Tycho Brahe^ a noted astrono 
mer of Denmark, and was equally celebrated aphkuon 

with his renowned tutor. His residence and ,.--^---^, 

observatory were at Wirtemburgh, in Oer- /^ \ 

many. / \ 

The first of these laws is, that the orbits of 
aU the planets are elliptical, having the Sun in 
the common focus. 

The point in a planet's orbit nearest the Sun is called the 
perihekon point, and the point most remote the apheUon point. 
J'erihelwn Is from peri^ about or near, and heUo9^ the Sun ; and 
aj^ieUont from opo, from, and heHos, the Sun. 

PSBIUEUOa. 

From this first law of Kepler, it results that the planets more with different yelocitie^, 
In different parts of their orbits. From tbe aphelicu to the perihelion points, the 
centripetal force conMnea toith the centrifugal to accelerate the planet's motion; 
while from perihelion to aphelion points, the centripetal acts tiffomst the centrifugal 
force, and retards it. 

fhe tendency to depart from the center? What does the joint action of these two Ibrcei 
produce? 645. What relation between t)ie Sun's attraction and tlie centrifugal fores 
of the planets? What effect has the ddstanoe of a planet from the Son, upon his attrac- 
tive force? Howls this increased tendency counterbalanced ? 506. What unportant 
laws — when and by whom discoyered? State the first? What are the ajih^mtna} 
ptriMi^t points ? Derivation ? What results from this first law ? 
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Prom A to B in the diagram, the centrifagal force, 
repreaented by the line G, acts with the tendency to 
reyolve, and the planet*s motion is cuseelerated ; but 
from B to A the same force, shown by the line D, acts 
affairut the tendency to advance, and the planet is 
reiardecL Hence it comes to aphelion irith its least 
velocity, and to perihelion with its greatest. 

In the statement of velocities on page 45, thA mean 
or average velocity is given. 



\C 



i! 




567. The second law is, that the radius 
vector of a planet describes eqtuil areas in 
equal times. The radius is an imaginary 
line joining the center of the Sun and 
the center of the planet, in any part of 
its orbit. Vector is from veho, to carry ; 
hence the radim vector is a radius carried 
round. By the statement that it describes equal areaj in tqua^ 
times, is meant that it sweeps over the same surface in an hour, 
when a planet is near the Sun, and moves swiftly, as, wheD 
furthest from the Sun, it moves most slowly. 

The nearer a planet Is to the Sun, the more rapid its 
motion. It follows, therefore, that if the orbit of a 
planet is an ellipse, with the San in one of the foci, its 
rate of motion will be unequal in different parti of its 
orbit — sirlftest at perihelion, and slowest at aphelion, 
from perihelion to aphelion the centripetal more di- 
rectly counteracts the centrifugal force, and the planet 
is retarded. On the other hand, from the aphelion to 
the perihelion point, the centripetal and centrifugal 
forces are united, or act in a similar direction. They 
consequently hasten the planet onward, and its rate of 
motion is constantly (ico^Uerated. Now suppose, when 
the planet is at a certain point near its perihelion, we 
draw a line from its center to the center of the Sun. 
This line is the raditte vector. At the end of one day, 
for instance, after the planet has advanced considera- 
bly in its orbit, we draw another line in the same man- 
ner to the Sun's center, and estimate the area between 
the two lines. At another time, when the planet is near ~ 

its aphelion, we note the space over which the radius vector travels in one day, and esti- 
mate its area. On comparison, it will be found, that notwithstanding the unequal 
velocity of the planet, and consequently of the radius vector, at the two ends of the 
ellipse, the area over which the radius vector has traveled is the same in both cases. 
The same principle obtains in every part of the planetary orbits, whatever may be their 
ellipticity or the mean distance of the planet from the Sun; hence the rule that the 
radivs vector describes equal areas in equal times. In thtj preceding cut, the twelve 
triangles, numbered 1, 2, 8, &c., over each of which th4 radius vector sweeps in equal 
times, are equal. 

668. The third law of Kepler is, that the squares of the j^eriodic 
times of any two planets are proportioned to the cubes of their mean 
distances from the Su/n. 

Take, for example, the Earth and Mars, whose periods are 866-2064 and 686*9796 days, 
«nd whose distances from the Sun are in the proportion of 1 to 1*52864, and it will be 
'ound that (866.2564)s : (686.9796)2 : : (1)3 : (1.62869)3. 




667. State the second law of Kepler? Ifacplain it? 
Qtaftcration .* 



608. The third *dw? Whal 



BG. 
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▲oeordtng to Umm Uwt, which sre known to preTsfl throoghoat the soUr sfetcai. 
•aaj of the CMte of astronomj art deduced from oUier bets preyiou^ aac«»iaittAd. 
fhejr ftre. therefore, of great importance, and fthonld be studied till thcjr are, at least, 
thoroufhgr understood, if not oonunltted to memory. 

569. From the foregoing principles, it follows, that the forc^ 
of gravity, and the centrifugal force, are mutual opposing powtn 
— each continually acting against the other. Thus, the weight 
of bodies on the Earth's equator, is diminished by the centrifugid 
force of her diurnal rotation, in the proportion of one pound for 
every 290 pounds : that is, had the Earth no motion on her 
axis, all bodies on the equator would weigh one ttoo hundred and 
ughty-ninth part more than they now do. 

On the contrary, if her diurnal motion were accelerated, the centrifugal force would b^ 
proportionally increased, and the weight of bodies at the equator would be in the samie 
ratio diminished. Should the Earth revolre upon its axis with a Telocity which wonld 
make the day but 84 minutes long, instead of 84 hours, the centrifugal force would coun- 
terbalance that of gravity, and all bodies at the equator would then be ab8<riutely desti- 
tute of weight; and if the centrifugal force were further augmented (the Earth revolving 
In less than 84 minutes), gravitation would be completely overpowered, and aU fluids 
and loose substances near the equator would fly off from the Mirface. 

510. The weight of bodies, either upon the Earth, or on any 
other planet having a motion around its axis, depends jointly 
upon the mass of the planet, and its diurnal velocity. A body 
weighing one pound upon the equator of the Earth, would 
weigh, if removed to the equator of the Sun, 27.9 lbs.; of Me^ 
cury, 1.03 lbs.; of Venus, 0.98 lbs.; of the Moon, l-6th of a-lb. ; 
of Mars, | lb. ; of Jupiter, 2.716 lbs. ; of Saturn, 1.01 lbs 



CHAPTER XI. 

PROPER MOTION OF THE SUK IN SPACE. 

571. Thofoh we are accustomed to speak of the San as the 
fixed center of the Solar System, the idea of his fixedness is cor- 
rect only so far as his relation to the bodies revolving around 
him are concerned. As the planets accompanied by their satel- 
lites revolve around the Sun, so he is found to be moving with 
all his retinue of worlds, in a vast orbit, around some distant and 
unknown center. 

6C9. What results from these principles, as respects the weight of bodies on the Mrtb^ 
snrfaoeT How increased or diminished? What iuustrations given? 5T0. Vycn 
Vhai, then, does the weight of bodies upon the planets depend? What illustrations? 
6Ti. Is tbe Sun a fixed body? What motion in space? Who first advanced this lieaf 
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Tbit opinion was first adyaoced, we think, bv &r William Herschel ; but the honor of 
kcknaUy determining this interesting fact, belongs to Struve, who ascertained not onlj 
4e ^irediion of the Son and Solar System, but also their velocity. The point of tend> 
ificj is towards the constellation Hercules, Right Ascension 259% Declination 86*. The 
ieiociiy of the Bun, Ac, in space, is estimated at about 20,000 miles per hour, or uearljr 
STqiUes.per second ; 

572. With this wonderful fact in view, we may no longer con- 
sider the San as hxcd and stationary, but rather as a vast and 
Inminous planei, sustaining the same relation to some central 
orb, that the primary planets sustain to him, or that the second- 
aries sustain to their primaries. Kor is it necessary that the 
stupendous mechanism of nature should be restiicted even to 
these sublime proportions. The Sun's central body may also 
l^ve ita orbit, and its center of attraction and motion, and so on, 
^, %s Dr. Dick observes, we come to the great ccii^<,r ^f all — to 
t^ T^^oNfi oif! Gpp. 

IBB OBKmAL SUN. 

5*73. In 1847, an article appeared in several European jour- 
nals, announcing the probable discovery by Professor Madler, 
of Dorpat, of the Sun's central orb ; the inclination of his orbit 
to the plane of the ediptic ; and his periodic time ! 

By an extensive and laborious comparison of the quantities 
and directions of the proper motions of the stars in various parts 
of the heavens, combined with indications afforded by the paral- 
laxes hitherto determined, and with the theory of universal gra- 
vitation, Professor Madler arrived at the conclusion that tho 
Pleiades form the central group of our whole astral or sidereal 
system, including the Milky Way and all the brighter stars, but 
exclusive of the more distant nebulae, and of the stars of which 
those nebulse may be composed. And within this central group 
itself he has been led to fix on the star Alcyone, as occupying 
exactly or nearly the position of the center of gravity, and as 
entitled to be called the central Sun. 

Assuming Bessel's parallax of the star 61 Cygni, long since remarkable for its larger 
proper motion, to be correctly determined, M&dler proceeds to form a first approximate 
estimate of the distance of this central body from the planetary or solar system ; and 
srrives at the provisional conclusion, that Alcyone is about 84,000,000 times as.far r«moTed 
from us, or ft'om our own Sun, as the latter luminary is from us. It would, therefore 
according to this estimation, be at least a million times as distant as the new p4anet, of 
which the theoretical or deductive discovery has been so great and beautiful a trlumpb 
of modern astronomy, and so striking a confirmation of the law of Newton. The sam< 
approximate determination of distance conducts to the result, that the light of the cen 
tral sun occupies more than five centuries in travelling thence to us. 



IHrection and velocity of the Sun and Solar System ? 572. How, then, should wc 
regard the Sun? What further speculation? Dr. Dick*s observation? 078. What 
treat discovery in 1847, and by whom? By what process? What conclusion first 
reached ? What star afterward designated ? Further description of the progress of thq 
i^overy ? What conclusion r<}specting the passage of light from the central Sun to ua ? 
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674. The enormous orbit 
i^hich our own San, with the I 
Earth, and the other planets, 
is thus inferred to be describ- 1 
ing about that distant cen- 
ter — not, indeed, under its | 
influence alone, but by the I 
combined attractions of all 
the stars which are nearer to 
it than we are, and which are 
estimated to amount to more 
than 117,000,000 of masses, 
each equal to the total mass | 
of our own Solar System- 
is supposed to require upwards I 
of eighUen millions of years for 
its complete description, at the rate of about eight geographical 
miles in every second of time. At this rate, the arc of its orbit, 
over which the Sun has traveled since the creation of the world, 
amounts to only about jj'yyth part of his orbit, or about 7 
minutes — an arc so small, compared with the whole, as to be 
hardly distinguishable from a straight line. 

The plane of this rast orbit of the Sun is judged to have an inclination of about 84 
degrees to the ecliptic, or to the plane of the annual orbit of the Elarth ; and the longitude 
•f the ascending node of the former orbit on the latter Is concluded to be nearly 88S 
degrees. 




CHAPTER XII. 



PRECESSION OF THE EQUINOXES— OBLIQUITY OF THE 
ECLIPTIC. 

675. Of all the motions which are going forward in the Solar 
System, there is none, which it is important to notice, more 
difficult to comprehend, or to explain, than wliat is called ,the 

PRECESSION OF THE EQUINOXES. 

The equinoxes, as we have learned, are the two opposite 

674. Supposed period of the Sun's revolution ? What portion of his orbit gone over 
dcce the creation of our race? Situation of his orbit with respect to the ecliptic? Lon* 
2itudc of iucending node? 575. Sufaject of this chapter? What are the equinoxes 1 
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Doints in the Earth's orbit, where it crosses the celestial eqnator. 
Ibe first is in Aries ; the other, in Libra. By the precession of the 
equinoxes is meant, that the intersection of the equator with the 
ecliptic is not always in the same point : — in other words, that 
the Sun, in its apparent annual course, does not cross the eqni- 
i.octial. Spring and Autumn, exactly in the same points, but 
every year a little behind those of the preceding year. 

St 6. This annual falling back of the equinoctial points, is 
called by astronomers, with reference to the motion of the 
heayens, the Precession of the Equinoxes; but it would better 
accord with fact as well as the apprehension of the learner, to 
call it, as it is, the Rece-ssion of the Equinoxes ; for the eqninoo- 
tial points do actually recede upon the ecliptic, at the ra*-e of 
about 50 J" of a degree every year. It is the name only, and 
not the position, of the equinoxes which remains permanent. 
Wherever the Sun crosses the equinoctial in the spring, there is 
the vernal equinox ; and wherever he crosses it in the autumn, 
there is the autumnal equinox \ and these points are constantly 
moTing to the west. 



PRBOBSSIOll or TBB CQUIMOZB). 



fj grtUfioeiuil 



. To render this snl^ect familiar, 
we will suppose two carriage roads, 
extending quite around tlie Earth; 
one, representing the equator, run- 
Diug due east and west; and the 
other representing the ecliptic, run- 
ning nearly in the same direction as 
the former, yet so as to cross it with 
a- small angle (say of 28}<*), both at 
the point where we now stand, for 
instance, and in the nadir, exactly 
opposite ; let there also be another 
road, to represent the prime meri- 
dian, running north and south, and 
crossing the first at right angles, in 
the common point of intersection, as 
in the annexed figure. 

liet a carriage now start from this 
point of intersection, not in the road 
leading directly east, but along that 
of the ecliptic, which leaves the 
former a little to the north, and let 
» person »ie placed to watch when 
tiie carriage comes around again, ^ 

*tler having made the circuit of the 
Karth, and see whether the carHage 
will cross the equinoctial road again 
precisely in the aame track as when it left the goal. Though the person stood exacUi 
m the former track, he need not fear being run over, for the carriage will cross tbi 
road 100 rods west of him, that is 100 rods west of the meridian on which he stood. It 1^ 
» be observed, that 100 rods on the equator is equal to 501^ seconds of a degree. 
li the carriage stUl continue to go around the Earth, it will, on completing its secooi 

What meant by their precession ? 676. With reference to what is it a precession t U 
It really a preoession of the equinoxes ? Where are the equinoxes spring and fall ? Can 
yoc illustrate by the two carriage roads, Ac. f By the other diagram? Does the Son 
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olroiili, «ro« th« equinoctial path 900 roda weat of the meridian whence It fliat aet oc* 
aa the third einmit, aOO roda weat ; on the fourth circuit, 400 rods, and ao on, continual^. 
▲Iter TlH circuits, the point of intersection would be one degree west of ita place at t'.^ 
ooaBmanoement of the route. At thia rata It would be easy to determine how many coorv 
plete circuits the carriage moat perform before thia continual falling bade of the inter- 
secting point would hare retreated orer cTery degree of the orbit, until it reached aga'x 
the point firom whence it fkrat departed. The af^^lcation of thia illuatratioa will be maci- 
fest when we consider, ftoriher, 
that this interesting phenomenon 
may be expUined in another 
way by the a<Uoining diacram. 
Let the point A represent the 
remal equinox, reached, for in- 
aunce, at 1% o*cloclc on the 90th 
of March. The next year the 
Bun wiU be in the equinoctial 99 
minutes 88 seconds earlier, at 
which thne the Barth wiU ba 
SO )4' on the ecUpUc, ba«l( of the 
point at which the Sun was in 
the equinoctial the year before. 
The next year the same will oc- 
cur again; and thua the equi- 
noctial point will receda weat- 
ward little by Uttle, as shown by 
the small lines from A to B, and 
from to D. It is in reference 
to the stars going forward, or 
seeming to precede the equi- 
noxes, (hat the phenomenon ia 
called the Precesaiou of the Eqni* 
noxes. But in reference to the 
motion of the equinoxes them* 
kClTes, it is rather a reeeuion, 

571. The Sun revolves from one eqninox to the same eqninox 
ligain, in 365d. 5h. 48' 47" 81. This constitutes the natural, or 
tropical year^ becapse, in this period, one revolution of the sea- 
sons Is exactly completed. But it is, meanwhile, to be borne in 
mind, that the equinox itself, during this period, has not kept 
its position among the stars, but has deserted its place, and 
fallen back a little way to meet the Sun ; whereby the Sun has 
arrived at the equinox before he has arrived at the same position 
among the stars from which he departed the year before ; and, 
coDsequently, must perform as much more than barely a tropiccU 
revolution, to reach that point again. 

To pass over this interval, which completes the Sun^s sidereal 
revolution^ takes (20' 22".94) about 22 minutes and 23 seconds 
longer. By adding 22 minute*? and 23 seconds to the time of a 
tropical revolution, we obtain 365d. 6h. 9m. lOfs. for the length 
of a sidereal revolution ; or the time in which the Sun revolves 
from one fixed star to the same star again. 

Though we speak of the reyolution of the Sun, we mean simply his apparent reToIution 
eastward around the heayens, caused wholly by the actual revolution of the Earth in her 

actually revolve? Why, then, epealc of his revolution t 577. What is the length of a 
tropical year f flow diiferent from a sidereal year f Difference of Hmrf Length of a 
vlderealyeart 



Digitized by CjOOQ IC 



PRECESSION OP THE EQUINOXES. 



273 



Mtft, A0 a distant otiject would appear to 8w«ep around the horiaoo if ire were walking 
or sailing around it. This may be illustrated by the cut, page 288i where thr passage 
of the Earth from A to B would cause the Sun to appear to move ft-om u to D ; and so on 
around the whole circle of the Zodiac. 

678. As the Sun describes the whole ecliptic, or 360°, in a 
tropical year, he moves over 59' 8^" of a degree every day, at a 
mean rate, which is equal to 50^" of a degree in 20 minutes and 
23 seconds of time ; consequently he will arrive at the same 
equinox or solstice when he is 50^" of a degree short of the same 
star or fixed point in the heavens, from which he set out the 
year before. So that, with respect to the fixed stars, the Sun 
and equinoctial points fall back, as it were, 1° in 7 If years. 
This will make the stars appear to have gone fmward 1°, with 
respect to the signs in the ecliptic, in that time ; for it must be 
observed, that the same signs always keep in the same points of the 
ecliptic, toithout regard to the place of the constellations. Hence it 
becomes necessary to have new plates engraved for celestial 
globes and maps, at least once in 50 years, in order to exhibit 
truly the altered position of the stars. At the present rate of 
motion, the recession of the equinoxes, as it should be called, or 
the precession of the stars, amounts to 30°, or one whole sign, in 
2140 years. 

PR9GKSSI0H or TBI STARS. 




To explain this by a figure : Suppose the Sun to hare been in conjunction with a fixea 
■tar at S, in the first degree of Taurus (the second sign of the ecliptic), 840 years before 
the birth of our Sariour, or about the seyenteenth year of Alexander the Great ; then 
having made 2140 revolutions through the e« liptic, he would be found again at the end of 
80 many tddereul years at S ; but at the end of so many Julian year»^ he would be found 
at J, and at the end of so many tropical years, which would bring it down to the begin- 
ning of the present century, he would be found at T, in the first degree of Aries, which 



578. Daily progress of the Sun ? What is the amount of the annual recession of the 
Muinozes? ^hat effect will this hare up( n the apparent positions of the stars f ICence 
wnat becomes necessary? How long does it require for the equinoxes to recede a w\oln 
rj^. * Do you understand the diagram, and the reference to the sidereal, Julian, aiid 
Tirjrlcal years? Explain the difference in the^e three kinds ofyeanu 
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km rtoeded ftrou 8 to T to that ttme bj tb« p rec ei ri on of the equinoctial points Aries aiM 
Ubra. The aro 8 T would be equal to the amoont of the precession (fitr preceaaion w« 
nrest stni caU It) of the eooinoz in 8140 years, at the rate of 50' .28572 of a degree, or tl 
minutes and 23 seconds of time annually, as above stated. 

619. From the constant retrogradation of the equinoctial 
points, and with them of all the signs of the ecliptic, ii follows 
that ihi longitude of the stars mvsi conliniuUly increase. The same 
cause affects also their right ascension and declination. Hence, 
those stars which, in the infancy of astronomy, were in the sign 
Aries^ we now find in Taurus ; and those which were in Taurus, 
we now find in Gemini, and so on. Hence likewise it is, that 
the star which rose or set at any particular time of the year, io 
the time of Hesiod, Eudoxus, Virgil, Pliny, and others, by no 
means answers at this time to their descriptions. 

UesUH> 'n his Opara et DU9^ lib. IL yerse 185, says : . 
•* When f^om the solstice sixty wintry days 
Their turns have finished, marlE, with glitt*riog rays. 
From Ocean*s sacred flood, Arcturus rise, 
Then first to gild the dusky evening skies." 

But A returns now rises acronically in latitude 87* 45' N» the latitude of Hesiod, and 
nearly that of Richmond, in Virginia, about 100 days after the winter solstice. Sappos- 
iog Hesiod to be correct, there is a difference of 40 days arising from the precession of 
the equinoxes since the days of Hesiod. Now, as there is no record extant of the exact 
period of the world when this poet flourished, let us see to what result astronomy will 
lead us. 

As the Sun moves through about 89* of the ecliptic in 40 days, the winter solstice, in 
the time of Hesiod, was in Uie 9th degree of Aquarius. Now, estimating the precession 
of the equinoxes at 5014' In a year, we shall have 50)^' : 1 year : : 89 : 2814 years since the 
time of Hesiod : if we subtract from this our present era, 1855, it will give 9&8 years before 
Christ. Lempriere, in his Classical Dictionary, says Hesiod lived 907 years before Christ. 
See a similar calculation for the time of Thales, page 88. 

580. The retrograde movement of the equinoxes, and the 
annual extent of it, were determined by comparing the longitude 
of the same stars, at different intervals of time. The most car^. 
ful and unwearied attention was requisite in order to determine 
the cause and extent of this motion — a motion so very slow as 
scarcely to be perceived in an age, and occupying not less than 
25,000 years in a single revolution. It has not yet completed 
one quarter of its first circuit in the heavens since the creation 
of Mars. 

581. This observation has not only determined the absolute 
motion of the equinoctial points, but measured its limit ; it has 
also shown that this motion, like the causes which produce it, is 
not uniform in itself ; but that it is constantly accelerated by a 

579. What effect has the recession of the equinoxes upon the longitude of the stars, and 
their right ascension and decliuatfuu? Hence what results? What interesting calctt< 
lation in reference to Hesiod? 580. How were this recession and its extent determhiedL 
What necessary? Time of complete revolution? Amount since creation? 681. U 
this retrogres^ipn uniform? Amount of acceleration ? Mhat Illustration given f 
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dow arithmetical increase of 1" of a degree in 4100 years. A 
quantity which, though totally inappreciable for short periods of 
time, becomes sensible after a lapse of ages. 

For example : The retro^adatlon of the equinoctial points is now greater by nearly H' 
than it was in the time of Ilipparchun^ the first who observed this motion ; consequently, 
the mean tropical year is shorter now by about 12 seconds than it was then. For, since 
the retrogradation of the equinoxes is now every year greater than it was then, the Sun 
has, each year, a space of nearly h' leas to pass ihrottgh in the eeliptic, in order to reach 
the plane of the equator. Now the Sun is 12 seconds of Ume in passing over H' of «pdk)«. 

582. At present, the equinoctial points move backwards, or 
from east to west along the path of tne ecliptic at the rate of 1° 
It *I1^ years, or one whole sign in 2140 years. Continuing at 
this rate, they will fall back through the whole of the 12 signs 
of the ecliptic in 25,680 years, and thus return to the same posi- 
tion among the stars, as in the beginning. 

But in determining the period of a complete revolution of the 
equinoctial points, it must be borne in mind that the motion itself 
is continually increasing ; so that the last quarter of the revolu- 
tion is accomplished several hundred years sooner than the first 
quarter. Making due allowance for this accelerated progress, 
the revolution of the equinoxes is completed in 25,000 years ; 
or, more exactly, in 24,992 years. 



Were the motion of the equinoctial points uniform ; that is, did they pass through 
equal portions of the ecliptic in equal times, they would accomplish their first quarter, or 
pass through the^r«< Ihrse »iffns cf the ecliptic, in 6250 years. But they are 6575 years 



in passing through the first quarter ; about 218 years less in passing through the second 
quarter; 218 less in passing through the third, and so on. 

583. The immediate consequence of the precession of the equi- 
noxes, as we have already observed, is a continually progressive 
increase of longitude in all the heavenly bodies. For the vernal 
equinox being the initial point of longitude, as well as o^ right 
ascension, a retreat of this point on the ecliptic tells upon the 
longitude of all alike, whether at rest or in motion, and pro- 
duces, so far as its amount extends, the appearance of a motion 
m longitude common to them all, as if the whole heavens had a 
slow rotation around the poles of the ecliptic in the long period 
above mentioned, similar to what they hiave in every twenty-fpur 
hours around the poles of the equinoctial. As the Sun lo^^ Qn§ 
day in the year on the stars, by his direct motion ii^ lpi^gitft4e ; 
80 the equinox gains one day on them ii^ ^5?0OO years, by it;8 
retrograde motion. 

682. Present rate of motion ? Exact period at U»i9 riate? Period making a^l^wanc^ 
for acceleration? Time of passing over the first quarter of the ecliptic? The sccoiid f . 
Third? 5^. What immediate consequences of the precession of the equinoxes! 
Whfi does ft affe-^ thie longitude of the stars f What resemblance between the Motion f^f 
Uie celestial spher in<^'thut of the Earth? Betwee|i the Sun and equinoxen^ 
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684. The cause of this motion was unknown, until Aewton 
proTcd that it was a necessary consequence of the rotation of 
ihe Earth, combined with its elliptical figure, and the unequal 
attraction of the Sun and Moon on its polar and equatorial 
regions. There being more matter about the Earth's equator 
than at the poles, the former is more strongly attracted than 
the latter, which causes a slight gyratory or wabbling motion of 
the poles of the Efirth around those of the ecliptic, like the pin 
of a top about its center of motion, when it spins a little 
ibliquely to the base. 

585. The precession of the equinoxes, thus explained, consists 
in a real motion of the pole of the heavens among the stars, in a 
small circle around the pole of the ecliptic as a center, keeping 
constantly at its present distance of nearly 23^° from it, in a 
direction from east to west, and with a progress so very slow, 
as to require 25,000 years to complete the circle. During this 
revolution, it is evident that the pole will point successively to 
every part of the small circle in the heavens which it thus 
describes. Now this cannot happen without producing corre- 
sponding changes in the apparent diurnal motion of the sphere, 

, and in the aspect which the heavens must present at remote 
periods of time. 

Let the line A A in the figure re- 

6 resent the plane of the ecliptic; 
i B, tne poles of the ecliptic ; G G, 
the poles of the Earth ; and D D, the 
equin -ctial. ^ K is the obliquity of 
the ecliptic. The star G, at the top, 
represents the pole star, and the 
curve Une passing to the right from 
it, may represent the circular orbit 
of /the north pole of the hearens 
ground the north pole of the ecliptic. 

586. The eflFect of such 
a motion on the aspect of 
the heavens, is seen in the 
appivrent approach of some 
stars and constellations to 
the celestial pole, and the 
recession of others. The 
bright star of the Lesser 
Bear, which we call the pole star^ has not always been, nor will 
always continue to be, our polar star. At the time of the con- 

584. VThat said of the cause of this recession ? 685. what, then, does it consistT 
What sa:*-<l of the pole of the ecliptic, and the aspects of ti« neavens during this I'nvola* 
tioii? 586. How is the eifeet of this motion manifce^^d? How with \\^f PoU start 
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Btraction of the earliest catalogue, this star was 12* from th<j 
pole ; it is dow only 1° 34' from it, and it will approach to 
within half a degree of it ; after which it will again recede, and 
Blowly give place to others, which will succeed it in its proximity 
to the pole. 

The pole, as abore considered, is to be understood, merely, as the vanishh^ point of 
the Earth's axis ; or that point in the concave sphere which is €Uway9 app09*As the 
terrestiol pole, and which consequently must move as that moves. 

587. The precession of the stars in respect to the equinoxes, 
is less apparent the greater their distance from the ecliptic ; for 
whereas a star in the zodiac will appear to sweep the whole 
circumference of the heavens in an equinoctial year, a star situ- 
ated within the polar circle will describe only a very small circle 
in that period, and by so much the less, as it approaches the 
pole. The north pole of the Earth being elevated 23° 21^ 
towards the tropic of Cancer, the circumpolar stars will be suc- 
cessively at the least distance from it, when their longitude is 
3 signs or 90°. 

688. The position of the north polar star in 1855, was in the 
n° of Tawrus; when it arrives at the first degree of Cancer, 
which it will do in about 250 years, it will be at its nearest 
possible approach to the pole — namely, 29' 55". About 2900 
years before the commencement of the Christian era, Alpha Dror 
co?tt5, the third star of the Dragon's tail, was in the first degree 
of Cancer, and only 10' from the pole ; consequently it was then 
i\iQ pole star. After the lapse of 11,600 years the star iyr^, 
the brightest in the northern hemisphere, will occupy the position 
of a pole star, being then about 5 degrees from the pole ; 
whereas now its north polar distance is upward of 51°. 

The mean average precession from the creation (4004 B. 0.) to the year 1800, is 
49*J^1455; consequently Uie equinoctial points have receded since the creation, Ss. 14* 8* 
yi'. -The longitude of the star Beta Arietis, was in 1820, 81* 87' 28' : Meton, a fkmoua 
mathematician of Athens, who flourished 480 years before Christ, says, this star, in his 
time, was in the vernal equinox. If he is correct, then 81* 27' 28", divided by 2260 years, 
the elapsed time, will give 50H' for the precession. Something, however, must be 
allowed for the imperfection of the instruments used at that day, and even until the six- 
teenth century. 

589. Since all the stars complete half a revolution about the 
axis of the ecliptic in about 12,500 years, if the North Star be 
at it^ nearest approach to the pole 250 years hence, it will, 

What, then, is the real pde of the heavens ? 567. Where is the precession of the stars 
most apparent? Where least? When are the circumpolar stars nearest the tropic ol 
Cancer, and why? 588. Where was the pole star in 1855? When will it be nearei«S 
the true pole? How near then? What said ot Alpha DraconUf Of Lyrat Mean 
average recession for 5800 years? Amount? Longitude of Beta Arietta in 182A? ])«. 
f'»re Christ 480 years, where ? Average of precession for these 2250 years ? 580. What 
hjrtjier result of the rpvolw^jpu pf th^ pol« of tl^e heavens? What effect? Wliere, thcii. 
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12,500 years afterwards, be at its greatest possible dis^Aoce 
from it, or about 41^ above it : — ^That is, the star itself will 
remain immovable in its present .position, bat the pole of the 
Earth will then point as much hel&w the pole of the ecliptic, as 
ffffW it points above. This will have the effect, appfirenily, of 
elevating the present polar star to twice its present altitude, or 
41**. Wherefore, at the expiration of half the equinoctial jear 
that point of the heavens which is now 1® 18' north of the zenith 
of Hertford, will be the place of the north pole, and all those 
places which are situated 1° 18' north of Hartfori, will then 
have the present pole of the heavens in their zenith. 

OBUQumr OF the Ecupna 

590. The inclination of the Earth's axis to the plane of the 
ecliptic causes the equinoctial to depart 23° 28' from the eclip- 
tic. This angle made by the equinoctial and the ecliptic is 
called the Obliquity of the Ecliptic, 



Let the line A A represent 
the axis of the Earth, and B B 
the poles or axis of the eclip- 
tic. Now if the line A A In- 
clines toward the plane of the 
ecliptic, or, In other words, 
departs ftrom the line B B, to 
the amount of 38' 28', it is 
obvious that the plane of the 



equator, or equinoctial, will piMUt of 



depart from the ecliptic to the 
same amount. This depar- 
ture, shown by the angles 
C G, constitute the obUguity 
ofiheeciipUc. 



OBUQDITT OP Tin BCUPTia 
B A 




591. Hitherto, we 
have considered these 
great primary circles a 

in the heavens, as never varying their position in space, nor with 
respect to each other. But it is a remarkable and well-ascer- 
tained fact, that both are in a state of constant change. We 
have seen that the plane of the Earth's equator is constantly 
drawn out of place by the unequal attraction of the Sun and 
Moon acting in different directions upon the unequal masses of 
matter at the equator and the poles ; whereby the intersectiou 
of the equator with the ecliptic is constantly retrograding — thna 
producing the precession of the equinoxes. 

wUl th^ aorth pole be 12,500 years hence ? 690. What is th« ObliqvUy of 'JU SMiA'A I 
591. la this angle always the sitme ? What Tarlation of the equinoctial f ^^ 
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592. The displacement of the ecliptic, on the contrary, is pro* 
dneed chiefly by the action of the planets, particularly of Jupi- 
ter and Venus, on the Earth ; by virtue of which the plane of 
the Earth's orbit is drawn nearer to those of these two planets, 
and consequently, nearer to the plane of the equinoctial. The 
tendency of this attraction of the planets, therefore, is to dimi- 
nish the angle which the plane of the equator makes with that 
of the ecliptic, bringing the two planes nearer together ; and if . 
the Earth had no motion of rotation, it would, in time, cause 
the two planes to coincide. But in consequence of the rotary 
motion of the Earth, the inclination of these planes to each other 
remains very nearly the same ; its annual diminution being scarcely 
more than three-fourths of one second of a degree. 

The obliquity of the ecliptic, at the commencement of the present century was, accord- 
ing to A«%, 28* 27' 66H', subject to a yearly diminution of 0'.4755. According to Ben- 
•a^ it was 28° 27' 54' .82, with an annual diminution of 0'.46. At this date (1855), it is only 
about 28* 27' 28*. Consequently, the angle is diminished about 27' in 55 years. This 
tliminution, however, is subject to a slight semi-annual variation, from the same causes 
vhich produce the displacement of the plane of the ecliptic, in precession. 

593. The attraction of the Sun and Moon, also, unites with 
that of the planets, at certain seasons, to augment the diminu- 
tion of the obliquity, and at other times, to lessen it. On this 
account the obliquity itself is subject to a periodical variation ; 
for the attractive power of the Moon, which tends to produce a 
change in the obliquity of the ecliptic, is variable, while the diur- 
nal motion of the Earth, which tends to prevent the change from 
taking place, is constant. Hence the Earth, which is so nicely 
poised on "her center, bows a little to the influence of the Moon, 
and rises again, alternately, like the gentle oscillations of a 
balance. This curious phenomenon is called Nutation (589). 

In consequence of the yearly diminution of the obliquity of the ecliptic, the tropics ar«s 
•lowly and steadily approaching the equinoctial, at the rate of little more than thre?- 
fourths of a second every year; so that the Sun does not now come so far north of the 
equator in summer, nor decline so far south in winter, by nearly a degree, as it must 
have done at the Creation. 

594. The most obvious effect of this diminution of the obli- 
quity of the ecliptic, is to equalize the length of our days and 
nights ; but it has an effect also to change the position of the 
stars near the tropics. Those which were formerly situated 
aorth of the ecliptic, near the summer solstice, are now found to 
be still farther north, and farther from the plane of the ecliptic. 
On the contrary, those which, according to the testimony of the 

692. What displacement of the ecliptic, and by what caused ? Effect of these causes? 
Amount of change annuallv ? Obliquity of the ecliptic in 180(1 ? In 1S55 ? 598. Diminution 
InSGjrears? What is AvtoMon. f Its cattaef What effect from this annual diminu- 
lion of obliquity? 594. What other effect? Will this diminution continue? Wh9t 
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ancieQi astronomers, were situated sonth of the ecliptic, neu the 
(tnmmer solstice, have approached this plane, insomach that some 
are now either situated within it, or just on the north side of it. 
Similar changes have taken place with respect to those stars 
situated near the winter solstice. All the stars, indeed, partici- 
pated more or less in this motion, but less, in proportion to their 
proximity to the equinoctial. 

It It important, howeTer, to ibterTe, that thli diminution will not alwayi continac. A 
time irill arriTe when this motion, growing less and less, will at length entirely cease, 
and the obliquity will, ajHiMtrently, remain constant for a time ; after which it will gra- 
dually increase again, and continue to direrge by the same yearly increment as it before 
had diminished. This alternate decrease and increase will constitute an endless oscilla- 
tion, comprehended between certain fixed limits. Theory has not yet enabled as to 
determine precisely what these limits are, but it may be demonstrated from the constitu- 
tion of our globe, that such limits exist, and that they are rery restricted, probal>ly not 
exceeding 9* 48*. If we consider the effect of this ever-rarying attribute in the system 
of the uniTerse^ it may be affirmed that the plane of the ecliptic never has coincided 
with the plane of the equator, and nerer will coincide with it. Such a coincidence, 
eoold it happen, would produce upon the Earth perpetual spring. 

595. The method used by astronomers to determine the 
obliquity gf the ecliptic is, to take half the difference of the 
(greatest and least meridian altitudes of the Sun. 

The following table exhibits the mean obUquity of the ecliptic for erery ten ysftrt 
during the present century. 



' 1800 


28* 


27^ 


64-.78 


, 1860 


28- 


27' 


27-.86 


1810 


28 


2T 


50.21 


1870 


28 


27 


23 .79 


1820 


28 


2T 


45.64 


1880 


28 


27 


18 .82 


. 1880 


28 


27 


41 .07 


1890 


28 


27 


18 .65 


1840 


28 


27 


86 .50 


1900 


28 


27 


09.08 


I860 


28 


27 


81 M 


1910 


28 


27 


04.58 



CHAPTER XIII. 

PHILOSOPHY OF THE XmES. 

596. Tides are the alternate rising and falling of the waters, 
of the ocean, at regular intervals. Flood Ode is when the waters 
are rising ; and M tide, when they are falling. The highest 
and lowest points to which they go are called, respectively, high 
and low tides. The tides ebb and flow twice every twenty-four 
hours — i. e., we have two flood and two ebb tides in that time. 

:ycle of oscillation f Its probable limits f What conclusion from this oscillation of tha 
^iiptic ? 595. By what meOiod do astronomers determine the obliquity of the ectipUo Y 
596. Whit are Udesf Flood and ebb tides? High and low? How often do »hey ebh 
WJd flow ? 
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591. The tides are not uniform, either as to time or amount. 
They occur about 60 minutes later eyery day (as we shall 
explain hereafter), and sometimes rise much higher and sink 
much lower than the average. These extraordinary high and 
low tides are called, respectively, spri^ig and neap tides. 

598. The cause of the tides is the attraction of the Sun and 
Moon upon the^ater of the ocean. But for this foreign influ- 
ence, as we may call it, the waters having found their proper 
level, would cease to heave and swell, as they now 
do, from ocean to ocean, and would remain calm 
and undisturbed, save by their own inhabitants and 
the winds of heaven, from age to age. 

In this figure, the Earth is represented m surrounded by water, in a 
state of rest er equilibrium, as it would be were it not acted upon by 
the Sun and Moon. 

599. To most minds, it would seem that the natural effect ot 
the Moon^s attraction would be to produce a single tide-wave 
on the side of the Earth toward the Moon. It is easy, there- 
fore, for students to conceive how the Moon can produce one 
flood and one ebb tide in twenty four hours. 

In this cut, the Moon is shown at a distance above the Earth, and ons ti]»-watb 
attracting the waters of the ocean, so as to produce a high tide at A. 
But as the moon makes her apparent westward revolution around the 
Earth but once a day, the simple rising of a flood tide on the side of the 
Earth toward the moon, would give give us but one flood and one ebb 
tide in twenty-four hours ; whereas it is Icnown that we have two of 
«ach. 

" The tides," says Dr. Herschel, " are a subject on which many per- 
sons find a strange difficulty of conception. That the Moon by her 
attraction, should heap up the waters of the ocean under her, seems to 
many persons very natural. That the same cause should, at the same 
time, heap them up on the opposite side of the Earth (viz., at B in the 
figure), seems to many palpably absurd. Yet nothing is more true.** 



TWO Tn>K<W^VM. 
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600. Instead of a single tide-wave upon the waters 
of the globe, directly under the Moon, it is found 
that on the side of the Earth directly opposite, 
there is another high tide ; and that half-way 
between these two high tides are two low tides. 
These four tides, viz., two high and two low, 
traverse the ocean from east to west every day, 
which accounts for both a flood and an ebb tide 
every twelve hours. 

597 Are the tides uniform? What variation of time? As to amonntf What are 
these extraordinary high and low tides called f 59S. The cattM of tides f How but 
for this influence? 599. What most obvious eflTect of tlie Moon's attraction? Substance 
3f note? Bemaric of Dr. Herschel? 600. How many tide-waves are there on the 
flubo^ and how situated ? 
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b lUf cat, wt hart a r epr w nUtion of the ttde-waves as they setaaHy exist, exoeglt 
that their height, as oompared with the mafnltude of the Earth, is vastlj too great 
tt Is designedly exaggerated, the better to illustrate the principle under considenttioit. 
While the Moon at A attracts the waters of the ocean, and produces a high tide at B, 
wr see another high tide at on the opposite side of the globe. At the same time it to 
low tide at D and B. 

601. The principal cause of the tide-wave oo the side of the 
Earth opposite the Mooq is the difference of the Moon's attrac- 
tion on different sides of the Earth. 

If the student well understands the suhfect of graritation, he will easllj pereeirs 
how a difference of attraction, as above described, would tend to produce an elongatioa 
of the huge drop of water called the Earth. The diameter of the Earth amounts to about 
^th of the Mooa*s distance; so that, bj the rule (S58), the difference In her attraction 
en the side of the Earth toward her, and the opposite side, would be about y^th. The 
attraction being stronger at B (in the last cut) than at the Earth's center, and stronger 
at her center than at 0, would tend to 0^»araU these three portions of the globe, giring 
the waters an elongated form, and producing two opposite tide-wares, as shown in 
the cut. 

602. A secondary cause of the tide-wave on the side of the 
Earth opposite the Moon, is- the revolution of the Earth aroand 
the common center of gravity between the Earth and Moon, 
thereby generating an increased centrifugal force on that side 
of the Earth. 

The center of grarlty between the Earth and Moon is the point where they would 
exactly balance each other, if connected by a rod, and poised upon a Aalcrum. 

CtMtKM. or OftATITT BBTWOV THB MAXtm AMD MOO*. 



This point which, according to Ferguson, is about 6000 miles from the Earth's center 
Is represented at A in the above, and also in the next cut 



taooaoAXT oauu or hioh niHt oppositb thb moov. 




i) 



TliC point A represents the center of gravity between the Earth and Moon ; and as Ii 
Li tni3 point which traces the regular curve of the Earth's orbit, it Is represented in the 
arc of that orbit, while the EarthTs center is 6000 miles one side of It. Now, the law of 
gi&vitation requires that while both the Moon and Earth revolve around the Sun, they 
eliould also revolve around the common center of gravity between them, or around the 
point A. This would give the Earth a third revolution^ in addition to that around am 

601. State the principal cause of the wave opposite the Moonf Demonstrate by dia 
gram. 602. What other cause operates with the one Just stated to prod nee the tide- 
wave opposite the Moon? What is the center of gravity between the Earth and the 
Moon r WhtNre is it situated f Illustrate the operation of this secondary cause. 
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Son and on her axis. The imall cirolea ibow her path around the center of graTity, And 
the arrows her directiim. 

This motion of the Earth woald slichtly increase the centrifugal tendency at B, and 
thus help to rai8«; the tide-wave opposite the Moon. But as tiiis motion is slow, corre- 
spondiDg with the revolution of the Moon around the Earth, the centriftigal force could 
■ot be greatly augmented by such a cause. 

603. As the Moon, which is the principal cause of the tides, 
is reyolyiDg eastward, and comes to the meridian later and later 
every night, so the tides are about 60 minutes later each suucess- 
ive day. This makes the interval between two successive high 
tides 1 2 hours and 25 minutes. Besides 

^, . -, ., , . .,, ,, t.r ^t TU)K-WAVIt8 BEHIND THE MOOK. 

this daily lagging with the Moon, the ^^ 

highest point of the tide-wave is found ..•-*"" ^^ 

to bo aboat 46° behind, or east of the ..•> ^ 
Moon, so that high tide does not ,/ 
occur till about three hours after the 
Moon has crossed the meridian. The 
waters do not at once yield to the im- 
pulse of the Moon^s attraction, but 
continae to rise after she has passed 
over. 

In the cut, the Moon Is on the meridian, but the highest point of the wave Is at A, nc 
45* east of the meridian ; and the corresponding wave on the opposite side at B it equally 
behind. 

604. The time and character of the tides are also affected by 
winds, and by the situation of diflFerent places. Strong winds 
may either retard or hasten the tides, or may increase or diminish 
their height ;'and if a place is situated on a large bay, with but 
a narrow opening into the sea, the tide will be longer in rising. 
as the bay has to fill up through, a narrow gate. Hence it is 
not usually high tide at New York till eight or nine hours after 
the Moon has passed the meridian. 

605. As both the Sun and Moon are concerned in the produc- 
tion of tides, and yet are constantly changing their positions 
with respect to the earth and to each other, it follows that they 
sometimes act against each other, and measurably neutralize each 
other's influence ; while at other times they combine their forces, 
and mutually assist each other. In the latter case, an unusually 
bigh tide occurs, called the Spring Tide. This happens both at 
new and full Moon. 

<I08. What daily lagging of the tides? Interval between two successiTe high tides? 
What other lagging? Cause of this last? 604. What modification of the time and 
character of the tides ? 605. Do the Sun and Moon always act together in attracting 
the waters ? Why not ? How affect each other's infiuence ? Effect on the tides ? What 
i^e Spring Tides f When do they occur? Illustrate by diagram the cause of spripg 
tt^es, when 'he Sun and Moon are in coi\|unction. 
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Her« the Bon and Moon, being In eoiUanetlon, onlto their forces to produce an tt^tra* 
ordinary tide. The tame effect foUowi when they are in oppoeltion ; lo that we hmrm 
hro ipring tides every month—namely, at new and full Moon. 

If the ude-wares at A and B are one-third Mgher at ^ Moon*s qoadratnre than uuaL 
those of and D will be one-third totMr than nsoal. 

606. When the Moon is in quadrature^ and her influence is 
partly neatralized by the San, which now acts against her, the 
result is a yery low tide, call^ Neap Tide. 

BPBOKI AMD VSAP TIMB. 

The whole philosophy of spring and 

neap tides may be iUostrated by the an« 

nexed diagram. y'^ po>. 

On the right side of the cut, the Son -'ii^k^k^'* 

and Moon are in conJunctU>n, and unite : Brf^S^^ \ 

to produce a spring tide. 

At the first quarter, their attraction 
acts at right angles, and the Sun, instead 
of contributing to the lunar tide-waves, 
detracts from it to the amount of his 
own attractive force. The tendency to 
form a tide of his own, as represented in • 
the figure, reducst the Moon's wave to C 
the amount of one>third. 

At the full Moon, she is in opposition 
to the Sun, and their Joint attraction 
acting again in the same line, tends to 
elongate the fluid portion of the Earth, 
and a second spring UcU is produced. 

Finally, at the third quarter, the Suu 
and iltoon act against etLch other again, 
and the second neap tide is the result. 
Thus we have two spring and two neap 
tides during every lunation — the former 
at the Moon*s cysygies, and the latter at her quadratures. 

601. Although the Sun attracts the Earth much more power 
fully, as a whole, than the Moon does, still the Moon contributes 
more than the Sun to the production of tides. Their relative 
influence is as ojie to three. The nearness of the Moon makes 



/:^'i''ii\ 



..•••4>\)Nc^X 



•••:><-.i.#'' 



V 
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vfy 
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m. What are Neap Tides t Their cause t lUustrate entire philosophy by diacran. 
fn. Comparative influence of Sun and Moon In the production of tides f WhvMoaiiV 
(nSoonce the greatest? Substance of m te f Demonstration? 
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the differenU of her attraction on different sides of the Earth 
much greater than the difference of the Snn's attraction on dif- 
ferent sides 

It mtut not be forgotten that the tides are the reiolt not io much of the attraction of 
the San and Moon, ai a tDhoU^ ai of the diference in their attraction on different sidei 
of the Earth, canaed by a difference in the oMancet of the several parts. The attrac- 
tion being inversely as the square of the distance (558), the influence of the Son and 
Moon, respectively, must be in the ratio of the Earth's diameter to their distances. Now 
the difference in the distance of two sides of the Earth from the Moon is ^th of the 
ir^on's distance ; as 240,000-1-8,000=80 ; wliile the difference, as compared with the dis* 
tance of the Son, is only rtiT?^* ^ 95,000,000-1-8,000=11,875. 

608. The tides are snbject to another periodic yariation, 

caused by the declination of the Sun and .^^ .,,«««. .•,.««,«* 
Moon north and south of the equator. tiom. 

As the tendency of the tide-wave is to ^ 1 m\ 

rise directly under the Sun and Moon, ..• ( 1 .^ N, 
when they are in the south, as in winter, \ 1 / 

or in the north, as in summer, every \ | / 

alternate tide is higher than the interme- 
diate one. 

At the time of the equtaiozes, the Sun being over the 
equator, and the Moon within 53$ * of it, tlie crest of the 
great tide-wave will be on the equator ; but as the Sun 
and Moon decline south to A, one tide-wave forms in the 
south, as at B, and the opposite one in the north, as at 
0. Ir the declination was norths as shown at D, the order of the tides would be reversed. 
The following diagram, if carefully studied, will more fUUy illustrate the subject of the 
alternate high and low tides, in high latitudes, in winter and summer : 






W^nPr*^ 


ALTSBHAra mOH AKD LOW TIDB. 
^^ N JONEaU/' 


^B 




.^—■g^M^% 


••••':-€) r ^ 


^^\ a^K 


".-^ ] 






\ 


\^ (J'...»^^;,ji3fc 





let the line A A represent the plane of the ecUpUo^ and B B the equinoctial. On the 
Sistof June, the day tide- wave is north, and the evening wave south, so that the tide 
following about three hours after the Sun and Moon, will be higher than the Intermediate 
one at 8 o'clock in the morning. 

On the 88d of ]>eceml>er, the Sun and Moon being over the southern tropic, the 
highest wave in the southern hemisphere will be about 8 o'clock P. M , and the lowest 
about 8 o'clock A.M. ; while at the north, this order will bo reversed. It is on this 
account that in high latitudes every alternate tide is higher than the intermediate ones ; 
the evening tides in summer exceeding the morning tides, and the morning tides in win* 
ter exceeding those of evening. 

609. All spring and neap tides are hot alike as to their eleva 
tion and depression. As the distances of the Sun and Moon arc 

606. What other periodic variations mentioned? Explain cause, and Olustnitek 
S09. Are all Bprlnf and neap v les aUkef 9y what are they modified? Ulustrate t| 
diagram. 
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Taried, so are the tides varied, especially by the yariations of 
the Moon. 





-^-^B 



^ 
¥.^ 




At At the Earth !• In apKdiofty and the Moon in apogee. As both the Son and Moon 
tre at their greatest distances, the Earth is least affected by their attraction, ax.d the 
HMluf tides are proportionatelV low. 

A^ B, the Earth is in p^riheUon, and the Moon in p0rige4; so that both the Sen an4 
Moon exert their greatest influence npon our globe, and the q>rlng tides are highest, as 
ehcwn in the figure. In both eases, the Sun and Moon are in conjunction, but the raria- 
tion in the dU4ance$ of the Sun and Moon causes variations in the spring tides. 

610. In the open ocean, especially the Pacific, the tide rises 
and falls but a few feet ; but when pressed into narrow bays 
or channels, it rises much higher than under ordinary cir 
cumstances. 

The average elevation of the tide at several points on our coast is as follows : 

Cumberland, head of the Baj of Fundy 71 feet. 

Bostun 11 Ji •• 

New Haven , 8 ** 

New York 5 " 

Charleston, 8. < •• 

611. As the great tide-waves proceed from east to west, they 
are arrested by the continents, so that the waters are per- 
manently higher on their east than on their west sides. The 
Gulf of Mexico is 20 feet higher than the Pacific Ocean, on the 
other side of the Isthmus ; and the Red Sea is 30 feet higher 
than the Mediterranean. Inland seas and lakes have no per- 
ceptible tides, because they are too small, compared with the 
whole surface of the globe, to be sensibly afifected by the attrac- 
tion of the Sun and Moon. 

ATMOSPHERICAL TU)ES. 

612. Air being lighter than water, and the surface of the 
atmosphere being nearer to the Moon than the surface of the 
sea, it cannot be doubted but that the Moon raises much higner 

010. Height of tides in open seas f How in narrow bays and channels ? Height at dif* 
ferent points on our coast ? 611. Direction of tide- waves? What result? Instanoes 
Git«dr Have inland seas and lakes any tides? Why not? Remarks respecting phi* 
;oM>phy of tides? <12 Atmospheric tides ? 
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tides in the atmosphere than in the sea. According to Sir 
John Herschel these tides are, by very delicate observations 
rendered not only sensible, but measurable, 

upon the supposition that there is water on the surface of the Moon of the s^me 
specific gravity as our own, we might easily determine the height to which the i^rtb 
would raise a lunar tide, by the known principle, that the attraction of one of these 
bodies on the other's surface is directly as its quantity of matter, and i/n/cer»ely \% its 
diameter. By making the calculation, we shall find the attractive power of the terth 
apon the Moon to be 21,777 times greater than that of the Moon upon the Earth. 

613. We have thus stated the principal facts connected with 
this complicated phenomenon, and the causes to which they are 
generally attributed. And yet it is not certain that the philoso- 
phy of tides is to this day fully understood. La Place, the great 
French mathematician and astronomer, pronounced it one of the 
most difficalt problems in the whole range of celestial mechanics. 
It is probable that the atmosphere of our globe has its tides, as 
well as the waters ; but we have no means, as yet, for definitely 
ascertaining *the fact 



CHAPTER XIV. 



THE SEASONS— DIFFERENT LENGTHS OF THE DAYS AND 

NIGHTS. 

614. The vicissitudes of the seasons, and the unequal lengths 
of the days and nights, are occasioned by the annual revolution 
of the Earth around the Sun, with its axis inclined to the plane 
of its orbit. The temperature of any part of the Earth^s sur- 
face depends mainly, if not entirely, upon its exposure to the 
Sun's rays. 

IHCUNATION OF THB EABTB*8 AXIS TO THB PLAITK OF THK KCLIPTIO. 

PLANE OF ^^ THE ECLIPTIC /^^ 

615. Whenever the Sun is above the horizon of any place, 
that place is receiving heat ; when the Sun is below the horizon 
it is parting with it, by a process which is called radiation. The 
quantities of heat thus received and imparted in the course of 
the year, must balance each other at every place, or the equi* 

018. Is it eertain that this sufcilect Is even yet well understood? Remark of Laplace f 
VI4. Cause of the seasons, and the unequal length cf the days and nights? Temperatorc 
«f thf; iBarth ? 615. When does any plaee gain h«at, and when lose ? Upon what 4oM 
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librinm of temperature would not be supported. Wheneyer tne 
Sun remains more than twelve hours ajbove the horizon of any 
place, and less beneath, the general temperature of that place 
will be above the mean state ; when the reverse takes place, the 
temperature, for the same reason, will be below the mean state 
l^ow, the continuance of the Sun above the horizon of any place, 
depends entirely upon his declination, or altitude at noon. 

616. About the 20th of March, when the Sun is in the ver- 
nal equinox, and consequently has no declination, he rises at six 
in the morning and sets at six in the evening ; the day and night 
are then equal, and as the Sun continues as long above our 
horizon as below it, his influence must be nearly the same at the 
same latitudes, in both hemispheres. 

From the 20th of March to the 21st of June, the days grow 
longer, and the nights shorter, in the northern hemisphere ; the 
temperature increases, and we pass from spring to midsummer ; 
while the reverse of this takes place in the southern hemisphere. 

From the 21st of June to the 23d of September, the days 
and nights again approach to equality, and /the excess of tem- 
[>eraturc in the northern hemisphere abo^ethe mean state, grows 
less, as also its defect in the southern ; so that, when the Snn 
arrives at the autumnal equinox, the mean temperature is again 
restored. 

61 T. From the 23d of oaom of «« wbabow. 

September until the 21st of j^ 

December, our nights grow .-••*^^^ •. 

longer and the days shorter, .^'' ^ut^al **X. 

and the cold increases •as , /^\ epuiJnox 

before it diminished, while / \ sert-^s 

we pass from autumn to / \ I 

mid-winter, in the northern / wmrc^ kf^^h^ t^ lstIcc 

hemisphere, and the inhabit- p^^«ov?.T'i" ^^J^ — "^"l^iiV 

ants of the southern hemi- ^^oec»» \^ *^" 

sphere from spring to mid- \ \ \ I 

summer. \ JnalX 

From the 21st of Dec \ tpm-Nox \ 

to the 20th of March, the \ mar<^«o v--'** 

cold relaxes as the days grow ^^ — ^^. — **' ^ 

longer, and we pass from W^ 

ttic lenffth of the days depend? 616. How about the 20th of March? From Mareb 
90th to June 2l8t ? From June 21st to September 28d ? 617. From September S8d to 
bu^embe^alstr From December 21it to March 20th f Bcwwith th« teaaonfl im Um 
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the drcapiness of winter to the mildness of Jpriirg, when the 
seasons are completed, and the mean temperature is again 
restored. The same vicissitudes transpire, at the same tim^, in 
the southern hemisphere, but in a contrary order. Thus are 
produced the four seasons of the year. 

In the preceding cut, the Earth is shown in her orbit, with ber axis inclined $S}i*t the 
North Pole being towards the eye of the student. At A and B the Sun shines from polt 
to pole, and the days and nights are equal in both hemisphere!. On the right, the North 
Pole is in the light, and we have summer in the northern hemisirfiere. On the left, the 
reverse is the case. And the gradual shortening or lengthening of the days, and tho 
change of temperature, are produced by the passage of the Earth from one point to 
another, with her axis thus inclined. 

. 618. But I have stated not the only, nor, perhaps, the most 
efficient cause in producing the heat of summer and the cold of 
winter. If, to the inhabitants of the equator, the Sun were to 
remain 1 6 hours below their horizon, and only 8 hours above it, 
for every day of the year, it is certain they wotild never expe- 
rience the rigors of our winter ; since it can bo demonstrated, 
that as much heat falls upon the same area from a vertical Sun 
in 8 hours, as would fall from him, at an angle of 60°, in 16 
hours. 

Now, as the Sun's rays fall most obliquely when the days are' 
shortest, and most directly when the days are longest, these two 
causes — ^namely, the duration and intensity of the solar heat, 
together, produce the temperature of the different seasons. The 
reason why we have not the hottest temperature when the days 
are longest, and the coldest temperature when the days are 
shortest, but in each case about a month afterwards, appears to 
be, that a body once heated, does not grow cold instantaneously, 
but gradually, and so of the contrary. Hence, as long as more 
heat comes from the Sun by day than is lost by night, the heat 
will increase, and vice versd. 

BBGCKlIINa AND LXHGTH OF TEt iBBAaONS. 

Bun enters \3 (Winter begins) 1849, December 21, f 25 46 M. T. Warii. 

" " T (Spring *» ) 1860, March 20, 8 66 88 « " 

•* " o (Summer " ) *• June 21, 6 8 » ** ** 

" " ^ (Autumn " ) •» Sept. 22, 19 68 21 »« •• 

** " \3 (Whiter " ) »* December 21, 18 21 6T " ■ •• 

outh'em hemisphere ? 618. Is the simple fact that a place is enlightened by the te. ■ 
Qfflcient cause for its being warm? What circumstance determines the intensity oT tM 

9an»s raya f Why, then, is it not warmest during the longest days, and on tht 06a«m7 

voUest during the shortest days f flow long will heat increase t 
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I In tht Winter 8l(nt . . . . 89 1 80 » 

• •• 8|»rinff f2 91 < 81 

« •• Sommer 98 18 55 29 

• " Autamn 89 IT 28 98 

• Borth of Eq««U>r (teriof and Sammer) 188 11 1 58 
'tooth ** (winter and Aatamn) 178 18 54 18 



Lonfett north of th« Iqoator 7 18 7 85 

Length ^ the troplcnl yonr hofinninff at ) 

tne winter loUttee 1848, and ending at V r8R 5 58 11 

the winter tolitiee 1850. \ 

Mean or arerage length of the tropical year, 865 5 48 48 



619. The north pole of the Earth is denominated the derated 
pole, because it is always aboat 23^° above a perpendicular to 
the plane of the ecliptic, and the sooth pole is denominated the 
depressed pole, because it is about the same distance below such 
perpendicular. 

As the Son cannot shine on more than one-half the Earth's forlkee at a time, ft is 
plain, that when the Earth is moTing throu^ that portion of its orbit which lies cUx^vc 
the Sun, the elerated pole is in the dark. This requires six montiis, that is, until the 
Earth arrlTes at tlie equinox, when the elerated pole emerges into the light, and the 
depressed pole is turned away 'rom the Sun for the same period. Consequently, there 
are six months day and six months night, alternately, at the poles. 

620. When the Sun appears to us to be in one part of the 
ecliptic, the Earth, as seen from the Sun, appears in the point 
diametrically opposite. Thus, when the Sun appears in the ver- 
nal equinox at the first point of Aries, the Earth is actually in 
the opposite equinox at Libra. The days and nights are then 
equal all over the world. (See the cut, pages 288 and 292.) 

As the Sun appears to more up flrom the remal equinox to the summer solstice, tb) 
Earth actaally moves f^om the autumnal equinox down to the winter solstice. The days 
now lengthen in the northern hemisphere, and shorten in the southern. The Sun is nuw 
OTer the north pole, where it is mid-day, and opposite the south pole, where it is midnight. 

As the Sun descends from the summer solstice towards the autumnal equinox, the Earth 
areends from the winter solstice towards the vernal equinox. The summer days In the 
norOiem hemisphere haring waxed shorter and shorter, now become again of equal 
length in both hemispheres. 

621. While the Sun apears to move from the autumnal eojdr 
Lox down to the winter solstice, the Earth passes up from the 
vernal equinox to the summer solstice ; the south pole comes 
into the light, the winter days continually shorten in the northern 
hemisphere, and the summer days as regularly increase in length 
in the southern hemisphere. 

While the Sun appears again to ascend from its wint«^ solstice 
to the vernal equinox, the Earth descends from the Summer 
Holatice to the autumnal equinox. The summer days now shorteo 

819. Which is the elHjated pole, and why? The depressed, and why? Bow are the 
seasons produced? 820. How are the Earth and Sun situated in tl.e ecliptic, with 
reference to each other? What said of the 8un*s apparent motion around tikkt aodiaol 
891. What further doscription of the 8un*s apparent progress? 



Digitized by Google 



THE SEASONS. 291 

In the sonthern hemisphere, and the winter days lengthen in tha 
northern hemisphere. 

622. When the Sun passes the vernal equinox, it rises to the 
arctic or elevated pole, and sets to the antarctic pole. When 
the San arrives at the summer solstice, it is noon at the north 
pole, and midnight at the south pole. When the Sun passes the 
autumnal equinox, it sets to' the north pole, and rises to the 
south pole. When the Sun arrives at the winter solstice, it is 
midnight at the north pole, and noon at the south pole ; and 
when the Sun comes again to the vernal equinox, it closes the 
day at the south pole, and lights up the morning at the north 
pole. 

There would, therefore, be 186^ days during which the Sun 
would not set at the north pole, and an equal time during which 
he would not rise at the south pole ; and 118^ days in which he 
would not set at the south pole, nor rise at the north pole. 

623. At the arctic circle, 23° 27^' from the pole, the longest 
day is 24 hours, and goes on increasing as you approach the 
pole. In latitude 67^ 18' it is 30 days ; in lat. 69° 30' it is 60 
days, &c. The same takes place between the antarctic circle 
and the south pole, with the exception, that the day in the same 
latitude south is a little shorter, since the Sun is not so long 
south of the equator, as at the north of it. In this estimate no 
dcconnt is taken of the refraction of the atmosphere, which, as 
we shall see hereafter, increases the length of the day, by mak- 
mg the Sun appear more elevated above the horizon than it 
really is. All these apparent motions of the Sun are due to the 
inclination of the Earth's axis (or the obliquity of the ecliptic), 
and her revolution around the Sun. 

The following cut represents the inclination of the Earth's axis to its orbit In every 
one of tlie twelve signs of the sodiac, and consequently for each month in the year. 
It is such a view as a beholder would have, situated in the north pole of the tcUpUc^ at 
some distance tram it, and consequently, is a perpendicular view, the north pole of the 
Earth being towards us. The Sun enters the sign Aries^ or the vernal equinox, on the 
80th of March, when the Earth enters Libra^ and when her axis inclines neither towanU 
the Sun, nor from it, but stands exactly HdevKiys to it ; so that the Sun then shines 
equally upon the Earth from pole to pole, and the days and nights are everywhere equaL 
This is the beginning of the astronomical year ; it is also the beginning of day at the 
north pole, which is Just coming into light and the end of day at the south pole, which 
i> Just going Into durlcness. 

By the Earth's orbitual progress, the Sun appears to enter the second sign, Taurus, 
on the Wih of April, when die north pole has sensibly advanced into the light, while the 
•outh pole has been declining from it; whereby the days become longer than the nights 
in the northern hemisphere, and shorter in the southern. 

On the 21st of May, the Sun appears to enter the sign Gemini^ when the north pol« 

C^ How are the light and darkness of the poles affected by the Sun*s apparent motion? 
m What said of the length of the days within the arctic circle f In latitude 87* IS'? 
in latitude 69' 60'? How at the other pole? To what are these various apoartat 
cottons of the Sun really due f 

B.G. IS 
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Nm ftdtmnccd eonsMers- pbilowwbt or t«i 

bly further Into the light, 

white th« Mmtb pole hM 

proportkmftl^ deellned 

from It: the tninroer 

dajt are now waxinf 

>nger in the northern 

hemisphere, and the 

nifhta shorter. 

The 2lit of June, when 
the Sun enteri the ilfn 
Cancer^ ia the first daj 
of summer in tht astro- 
nomical year, and the 
longest day in the north* 
ern hemisphere. The 
oorth pole now has its 
lireatest inclination to 
the San, the light of 
which, as is shown hj 
ihe boundary of lighl and 
darkness, in the figure, 
extends to the utmost 
verge of the ArcUc Cir' 
sU; the whole of which 
is included in the enlight- 
ened hemisphere of the 
Rarth, and enjoys, a( 
this season, constant day 
during the complete revo- 
lution of the Earth on its 
axis. The whole of the Northern Frigid Zone is now in the circle of perpetnal ^lam^ 
nation. 

On the 23d of July, the San enters the sign Leo^ and as the line of the Earth's axis always 
continues parallel to itself, the boundary of light and darlcaess begins to approach nearer 
to the poles, and the length of the day in the northern hembphere, whicii had arrived 
at its maximum, begins gradually to decrease. On the 28d of August, the Sun enters the 
sign Virffo^ increasing the appearances mentioned in Leo. 

On the 28d of September, the Sun enters Libra^ the first of the autumnal signs, when 
the Earth's axis having the same inclination as it had in the opposite sign. Arietta is 
turned neither /rom the Sun, nor towards it, hut obliquely to it, so that the Sun again 
now shines equally upon the whole of the Earth's surface from pole to pole. The days 
and nights are onoe more of equal length, throughout the world. 

On the 28d of October, the Sun enters the sign Soof-pio ; the days visibly decrease 
in length in the northern hemisphere, and increase in the southern. 

On the 22d of November the Sun enters the sign Sagittarius^ the last of the autumnal 
signs, at which time the boundary of light and darlcness is at a considerable distance 
trom the north pole, while the south pole has proportionally advanced into the light ; the 
length oi the day continues to increase in the southern hemisphere, and to decrease in 
the northern. 

On theSlst of December, which is the period of the winter solstice, the Sun enters the 
Bfgn Capricorn. At this time, the north pole of the Earth's axis is turned from the 
Sun, into perpetual darkness; while the south pole, in its turn, is brought into the light 
of the ftin, whereby the whole Aniarctht region comes into the circle of perpetual illumi- 
nation. It is now that the southern hemisphere enjoys all those advantages with which 
the northern hemisphere was favored on the 21st of June ; while the northern henU- 
•phere, in its turn, undergoes the dreariness of winter, with short days and long 
nights. • 




* This diagram and the accompanying explanations should i>e careftilly studied till 
**ie7 are thoroughly understood by the learner. The cause of the seasons and of the 
nn^^ual lengths of the days and nights, is a matter of which no professedly educated 
person ought to be ignorant, or to entertain confused and indefinite notions. By all 
meoBS 461 this point be studied till the student can tell the cause of every parUcnlar pha- 
mnnenon of the seasons and the length of the day«, without any particular iiit«rr» 
Cfttton. 
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624. Bj carefully observing the figure, it may be seen that 
the orbit of the Earth is slightly elliptical, that the San is to 
the left of the center, and that consequently, the Earth is nearer 
the San on the 21st of December, than on the opposite side of 
the ecliptic, on the 21st of June. This may seem strange to th( 
learner, that we should have our winter when nearest the Sun, 
and our summer when most distant ; but it must be remembered 
that the temperature of any particular part of the Earth ;s 
not so much affected by the distance of the Sun, as by the direct- 
ness or obliquity of his rays. Hence, though we are farther 
from the Sun on the 21st of June than on the 21st of December, 
yet, as the north pole of the Earth is turned more directly into 
the light at that time, so that the Sun's rays strike her surface 
less obliquely than in December, we have a higher temperature 
at that period, though at a greater distance from the Sun. 

626. The diflFerence, however, between the aphelion and peri- 
helion distances^ of the Earth is so slight, in comparison with the 
whole distance, as scarcely to cause a perceptible diflFerence in the 
amount of light received at her respective positions. The eccen- 
tricity of the Earth's orbit, or the distance of the Sun from its 
center, is only about 1,618,000 miles, so that the variation is 
only 3,236,000 miles, or about one-thirtieth of the mean distance. 
The true orbit of the Earth could not be distinguished from a 
circle. 

The only effect of the eccentricity of the Earth's orbit Qpon her temperature is, that 
the has probably a greater degree of heat, during summer in the southern hemisphere, 
when the Earth is at her perilielion, than we ever have at the north iu the same latt 
tude. But this iifference must be very slight, if indeM it is at ail perceptible. 



CHAPTER XV. 

THE HAKVEST MOON AND HORIZONTAL MOON. 

626. Tee daily progress of the Moon in her orbit, from west tu 
east, causes her to rise, at a mean rate, 48 minutes and 44 
seconds later every day than on the preceding. But in places 
of considerable latitude, a remarkable deviation from this rule 

eM. What said of ihe form of the Earth's orbit? When are we nearest the Sun! 
Why is It not then the wannest in the United States? 625. What is the amount of th« 
l!arth*8 rariation in distance from the Sun? What effect upon the light and heat of the 
Kartb 1 •S6. SaktJect of this chapter? Hean rate of the Moon's daily delay io risii.g 



Digitized by Google 



294 ASTROMOMt. 

takes place, especially abont the time of tuirvtst, when the full 
Moon rises to us for several uights together, only from 18 to 85 
oiinutes later in one day, than on that immediately precc<ling. 
Fron. the benefit which her light affords, in lengthening oat the 
day, when tlie husbandmen are gathering in the fruits of the 
Earth, the full Moon, under these curcumstances, has acquired 
ihe name of Harvut Moon. 

It it believed Uiat this fact wai obtenred by penoos engnfred in agriculture, at a modi 
tarl'.er {irriod than that In which it ira« noticed by astronomers. The former ascribed it 
to the goodness of the Deitj ; not doubting but that he had so ordered it for their advan- 
lagA. 

62T. About t.;e equator, the Moon rises throughout the year 
with nearly the equal intervals of 48f minutes ; and there the 
harvest Moon is unknown. At the polar circles, the autumnal 
full Moon, from her first to her third quarter, rises as the Sun 
sets ; and at the poles, where the Sun is absent during one-half 
of the year; the winter full Moons, from the first to the third 
quarter, shine constantly without setting. 

By this, it Is not meant that the Moon continum/uU from her first to her third qaar 
ter ; but that she nef>er ttetn to the North l*olar regions, VA«-n, at this seafmn of tlie year, 
•lie is witliin 9U* of that point in her orbit, wliere she is at her full. In other wonli, zt 
the Sun illuv Ines the south iwile during one •half of its yearly revolution, so the Moon.- 
being oppomte to tlie Sun at her full, mu«t illuuiiue the npjtoniU pole^ during half of her 
revoiutiuD alioul the Eiirth. The phenomenon of the Harvest Muon may l>e thus exem- 
pliAed hy means of tiie glol>e. 

Kectify tlie globe to the latitude of the place, put a patch or piece of wafer in the eclip 
tic, on the iwint Aries, and mark every 12* preceiiing and following that point, to tlie 
number of ten or twelve marks on each side of It ; bring the equinoctial point marked by 
the wafer to the eastern edge of the horison, and set the index to 12; turn tlte globe 
westws.d till the other marks successively cume to the horiaon, and observe the hours 
passed •ver by the index ; the intervals of time between the marks coming to the horiaon, 
will sh M the diurnal difference of time between the Moon's riidng. If these marks b« 
orouglit to the western edge of the horixon in the same manner, it will show the diurnal 
difference between the Muon's «Minff. 

From tills problem It will also appear, that, when there is the least difference between 
the times of the Moon's rudfig^ tliere will be tlie greatest difference between the times of 
her *€Uing^ and the contrary. 

Tiie reason why you mark every 12* is, that the Moon gains 12* 11' on the apparent 
coursi *f the Sun every day, and these marks serve to denote the place of tlie Moon 
from day to day. It is true, this process supposes that the Moon revolves in the plans 
qf Uie ecUpUCy which is not the case ; yet her orbit so nearly coincides with the ediptie 
(differing only 5* 9' from it), that they may, for the convenience of iliu»tration, be con- 
sidered as coinciding ; that is, we may take the ecliptic for the representaUve of th« 
Moon's orbit. 

628. The different lengths of the lunar night, at different lati- 
tudes, is owing to the different angles made by the horizon and 
different parts of the Moon^s orbit ; or, in other words, by the 

What remarkable deviation? What is the Moon then called, and why f How anciently 
was this phenomenon observed? To what attributed? C27. Is the Harvest Mooc 
known at the equator? How at the Polar circles ? At the poles? Does she there exhl 
bit her usual phases f Can you Illustrate the phenomenon of the Harvest Mooo bf i 
globe I tf2d. To wl at is the different lengths of tlte lunar nights attributable ? 
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Moon's orbit lying sometimes more oblique to the horizon than 
at others. 

In the latitude of London, for example, as much of the ecliptic rises ab>ut Pisces an4 
Arietf in two hours as the Moon goes through in six days ; therefore, while the Moon is ic 
these signs, she differs but two hours in rising fur six days together ; that is, one day 
with another, she rises about 20 minutes later erery day than on the preceding. 

629. The parts or signs of the ecliptic which rise with thg 
smallest angles, set with the greatest ; and those which rise with 
the greatest, set with the lea&t. And whenever this angle is 
least, a greater portion of the ecliptic rises in equal times than 
when the angle is larger. Therefore, when the Moon is in those 
signs which rise or set with the smallest angles, she rises or sets 
with the least diflference of time ; but when she is in those signs 
which rise or set with the greatest angles, she rises or «Hs with 
the greatest diflference of time 

Let the globe, for example, be rectified to the latitude of New York, 40* 42' 40^, with 
Cancer on th«« meridian, and Libra rising in the east. In this position, the ecliptic has a 
high elevation, making an angle with the horizon of 72^*. 

But let the globe be turned half round on its axis, till Capricorn comes to the meridian, 
and Aries rlseh in the east, then the ecliptic will have a low elevation above the horison, 
maa.ing an angle with it of only 2^%*, This angle is 47* less than the former angle, and 
\b equal to the distance between the tropics. 

630. In nmthern latitudes, the smallest angle made by the 
ecliptic and horizon is when Aries rises ; at which time Libra 
»ets ; the greatest is, when Libra i^ses and Aries sets. The eclip- 
tic rises fastest about Aries, and slowest about Libra. Though 
Pisces and Aries make an angle of only 25^° with the horizon 
when they rise, to those who live in the latitude of New York, 
yet the same signs, when they set^ make an angle of '12^®. The 
daily diflference of the Moon's rising, when in these signs, is, in 
New England, about 22 minutes ; but when she is in the oppo- 
site signs, Virgo and Libra, the daily diflference of her rising is 
almost four times as great, being about one hour and a quarter 

631. As the Moon can never be ful^ but when she is opposite 
to the Sun, and the Sun is never in Virgo or Libra except in 
our autumnal months, September and October, it is evident that 
the Moon is never full in the opposite signs, Pisces and Aries, 
except in those two months. We can, therefore, have only two 
full Moons in a year, which rise, for a week together, very near 
the time of sunset. The former of these is called the Harvest 
Moon, and the latter, the Hunter^s Moon. 

429. What said of the angles under which the signs rise and set? What result followa 
M to time of the Moon's rising and setting? How illustrate by globe ? 630. Wlien is 
the angle smallest in northern latitudes? When greatest? What difference of anjrie at 
Ihe rising and setting of Pisces? Daily difference of the Moon's rising ? When in Plsoct 
anil Aries? What when in Virgo and Libra? 681. Whj have we not more tiuui oo« 
Uar9fStt and one MunUr^t Moon in a year? 
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632. Although there can be but two fuU Moons in the year 
that rise with rx) little yariation of time, yet the phenomenon 
of the Moon's rising for a week together so nearlj at the same 
Ume, occurs every month, in some part of her course or the 
other. 

In WinUr^ th« tins Plsocfl and Ariet rise dbomtmotm; henee the rlting of the Moon 
to not then retarded nor pereeired. 

In SpHmg^ these signs ri»e %Diih th€ 81m, beeause he Is then in them ; and as the Moon 
shanges while passing through (he same sign with the Son, it most then be ths change^ 
and henee inrlsible. 

In Smmmm'^ they rise abont midnight, when the Moon, is in her IMrd quarter. On 
account of her rising so late, and glring but little light, her rising passes unobsenred. 

633. To the inhabitants at the equator, the north and soutli 
poles appear in the horizon, and therefore the ecliptic makes the 
same angle southward with the horizon when Aries rises, as it 
does northward when Libra rises ; consequently th3 Moon ris^s 
and sets not only with angles nearly equal, but at equal iutervpls 
of time, all the year round ; hence, there is no harvest Moon %t 
the equator. The farther any place is from the equator, if it be 
not beyond the polar circles, the angle which the ecliptic makes 
with the horizon gradually diminishes when Pisces and Aries rise. 

634. Although, in northern latitudes, the autumnal full Moons 
are in Pisces and Aries ; yet in southern latitudes it is just the 
reverse, because the seasons ere so : — for Virgo and Libra rise 
at as small angles with the horizon in southern latitudes as Pisces 
and Aries do in the northern ; and therefore the harvest Moons 
are just as regular on one side of the equator as on the other. 

. At the polar eircles, the ftill Moon neither rises in summer, nor sets in winter. For the 
winter full Moon being as high in the ecliptic as the summer Son, she must continue while 
passing through the northern signs, above the horixon ; and the summer full Moon, being 
as low in the ecliptic as the winter Sun, can no more rise, when passing throu^ the 
southern signs, than he does. 

635. The great apparent magnitude of the Moon, and indeed 
of the Sun, at rising and setting, is a phenomenon which has 
greatly embarrassed almost all who have endeavored to account 
for it. According to the ordinary laws of vision, they should 
appear to be least when nearest the horizon, being then farthest 
from the eye ; and yet the reverse of this is found to be true. 
The apparent diameter of the Moon, when viewed in the horizon 
by the naked eye, is two or three times larger than when at the 
altitude of thirty or forty degrees ; and yet when measured by 
an instrument her diameter is not sensibly increased. 

088. Does not tke Moon riac with little variation for sereral nights In ■ooeessioa, 
every month? Why not always perceived f 688. Why is there no Harvffd Mown at 
the equator f 684. What said of these lunar phenomena hi the Southern A<»aisphei«ff 
MS. What said of the apparent diameter of the Moon in the horiiont jfow whet 
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Both the Son and the Moon really rabtend a greater angle when on the meridian, than 
Ihey do In the horiion ; because thej are then actually nearer the place of the spectator 
hj the whole semi>diametcr of the Earth ; and one reason why they appear largest Id 
the horison Is, that they are then compared with terrestrial ol:tject8, with whose magni- 
lude we are acqualnttd. 

This apparent increase of magnitude in the horisontal Moon, Is chiefly an optical illa- 
tion, produced by the concavity of the heavens appearing to the eye to be a less portion 
of a spherical surface than a hemisphere. The eye is accustomed to estimate the dis- 
tance between any two objects in the heavens by the quantity of sky that appears to lie 
between them| as upon the Earth we estimate it by the quantity of ground that lies 
between them. Now when the Sun or Moun is Just emerging above the eastern horim n, 
or sinking beneath the western, the distance of the intervening landscape over which 
they are seen, contributes, together with the refraction of the atmosphere, to exaggerate 
our estimate of their real magnitudes. 

THE HORIZONTAL MOON. 

636. Both the San and Moon are sometimes seen to be d(yik 
gated horizontally, when near the horizon. This is often the case 
when the atmosphere is very dense. The cause of this pheno- 
menon is this : All celestial bodies in the horizon are mOre or 
iess elevated by atmospherical refraction (See page 300) ; and 
the amowiU of this apparent elevation depends somewhat npon 
the density of the atmosphere as well as upon the altitude of the 
object. When, therefore, the Sun or Moon are near the horizon, 
and viewed through a dense atmosphere, the refraction is great- 
est ; and as their lower limb is seen through a denser stratum of 
atmosphere than their upper limb, its apparent elevation is 
greater, and the object seems to he flatteTied^ while its horizontal 
diameter is not sensibly diminished. 

This phenomenoQ and its cause may be easily iUu8U>ated by a diagram. 



CHAPTER XVI. 

REFRACTION AND TWILIGHT. 

637. The rays of light, in passing out of one medium into 
another of a greater density, deviate from a straight course, and 
are bent towards a perpendicular to that course ; and if the 
density of the latter medium continually increase, the rays of 

meararedf When do they subtend the greater angle f Why appear largest when In 
tiie horlBonf What other explanation given f (JM. What is meant by a' SdHaontal 
Voon f The cause of this phenomenon f 68T. What is meant by the r^fixtcMon el 
\ilfiktt What principles govern itf 
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light \u passing through it, will deyiate more and more from • 
right line as they pass downwards, or towards the eye of the 
ol^ryer. 

638. As air and water are both transparent, bnt of different 
densities, it follows that, when light passes obliquely from one 
to the other, it will be 

refracted. If it pass !»« i^aAoro .t wa™ 

from the air into the ^^ n^\ 

water, it will be refract- 
ed towards a perpetidicur 
lar. 




Here the ray A itrlkes the 
water perpendicularly, and pastel 
directly through to B without be- 
lug refracted. But the ray D 
strikes the water at C obliquely ; 
and inftead of passing straight 
ihrouirh to E, is refracted at C, 
and reaches tlie bottom of the water at F. If, therefore, a person were to reoelre thi 
ray Into the eye at F, and to Judge of the place of the oliiieet from which the light ema- 
nates from the direction of the ray C F, he worJd conclude that be saw the object at O, 
unless he made allowance for the refraction of the light at 0. 

639. When light passes 
obliquely from a denser 
to a rarer medium, as 
from water into air, it is 
refracted from a perpen- 
dicular towards a horizon- 
tal. 

Here the lamp A shines up 
through water into air. The ray 
that strikes the surface perpen- 
dicularly passes on to B without 
oelng refracted ; but the other rays 
that leave the water obliquely are refracted toward a horiiontal direction, in proportioa 
to their distance from the perpendicular; or, in other words, in proportion to the 
obliquity of their contact with the surface of the water. 

040. In consequence of the refraction of light towards a hori- 
zontal direction, in passing from water into air, a pole, half of 
which is in the water, seems bent at the surface, and the lower 
end seems nearer the surface than it really is. For the same 
reason, the bottom of a river seems higher, if seen obliquely, than 
it really is ; and the water is always deeper than we judge it 
to be. 




M6. How refractod by air and water? 6S9. How when light passes from 
imrwr media f 640. Effect of refraction npon ob;|ecta seen under water F 
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Id this cot, the oar, the blade of BrrRcr or kkfractiob. 

*faich is in the water, seems bent at the 

tnriiBce of the water. Tht» rays of light j li j 

|»aiMing from the part under water to 
the surface at D, are refracted toward 
a horiiontal direction at that point, 
and received into the eye of the ob- 
server at B, who, Judging of the posi- 
tion of the immersed portion of the oar 
from the direction of the rays D B, 
locates the blade of the oar at C ; thus 
reversing the effect illustrated at 
188. 

641. The refracting power of different transparent substances 
depends mainly upon their density. Water refracts more than 
air, glass more than water, and diamond most of all. But the 
angle of incidence, or the obliquity of the contact of the rays 
with the denser substance, has also much to do in determining 
the amount of refraction. 




ETWMOt or BEFHACTIOIC 



642. By the aid of refraction, 
we may see objects that are 
actually behind an opaque or 
intransparent body. 

Here the piece of money at A, at' the 
bottom of the cup, would l>e invisible to 
the behoiMo. ^* B, if the cup was empty, 
as the light from the money would pass 
from A to G; but when the cup is filled 
with water, the light is refracted to B, and 
the beholder sees the money apparently 
atD. 



643. By the 
law of refrac- 
tion, light has 
been found to 
consist of a com- 
bination of co- 
lors. By pass- 
ing a beam of 
light through a 
triangular piece yIuIw. 

of flint glass grange' 

called a prism^ 
it is seen that 
some parts of 




MraACTIOX BT ▲ PRI^f. 



Violet... 
Indigo.* 
Blue.... 
Green, 



White.., 




Ml. Upoc what' does the refracting power of different transparent media 
Mtf What other efset of refraction? 643. What disoovery by refri^pti^nf 
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the light are more refrangible than others, so that the light ii 
analyzed, or separated into its component parts or elements. 

Lit a nj •flight from the Sun be admitted throagh a hole in the window shatter, A, 
into a room trotik which all other lifht It excluded ; It win form on a screen placed a little 
distance in front, a circular image, B, of white lif^t. Now interpose near the shutter a 
glass prism, C, and the light, in passing through it, will not only be refracted in the same 
direction, both when it enters the prism and when it leaves it, but the several rays oi 
which white light is composed will be separated, and will arrange in regular order on the 
screen. Immediately above the image B, which will disappear. The violet ray, it will be 
seen, Is most refracted, and the red least; the whole forming on tb ^ scale an elongated 
image of the Sun, called the 0oiar •ptctrum.^JoknaUm, 

644. It is the refraction of the clonds that gives the sky its 
bcautifal colors morning and evening ; and the refracting power 
of the rain-drops produces the beaatiful phenomenon of the rain- 
bow. 



ATMOSPHERICAL REFRACTION. 

645. The refracting power of the atmosphere produces many 
curious phenomena. Sometimes ships are seen bottom upwards 
in the air, single or double. At other times, objects really below 
the horizon, as ships or islands, seem to rise up, and to come dis- 
tinctly ii> view. 

646. A very important effect of refraction, as it relates to 
astronomy, is, that it more or less affects the apparent piaces of 
all the heavenly bodies. As the light coming from them strikes 
the atmosphere obliquely, and passes downward through it, it is 
refracted or bent towward the Earth, or toward a perpendicular. 
And as we judge of the position of the object by the direction 
of the ray when it enters the eye, we place objects higher in the 
heavens than they really are. 

ATMOsraiaioAL BintAcnos. 
Let A, in the cut, repre> 
sent the Eartii ; B, the at- 
mosphere ; C C, the vfsible 
horizon ; and the exterior 
circle the apparent con- 
cave of the heavens* Now, 
as the light passes from 
the stars, and strikes the 
atmosphere. It is seen to 
curve downward, because 
It strikes the atmosphere 
obliquely ; and the air in- 
9reases in density as we 
approach the Earth. But 
as the amount of reft^sction depends not only upon the density, but also upon the obli- 
quity of Uie contact, it is seen that the refraction is greatest at the horison, and gradu- 
ally diminishes till the otiject reaches the senith, when there is no obliquity, and the refrao- 




'9M What other effects of refraction? 645. Aimojpherical refraction? BiioetJ oa 
tOHMtrial ol^ects f C46. Upon apparent places of stars, 4c. 7 
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(Ion wh(,ll7 ceasei. The dark linei In the cat show the trae, and the dotted the apparent 
ooAitiona. 

In the cut, the depth of th^ atmosphere, as compared with the globe, is greatly exag* 
iterated. Even allowing it to be 50 miles deep, it is onljjl^th of the semi-diameter of the 
iClobe, which is equal to only abouty ^th of an inch upon a common IS-inch globe. But 
« « was necesarjr to exaggerate, in order to illustrate the principle. 

647. The amount of displacement of objects in the horizon, 
hj atmospherical refraction, is about 33', or a little more than 
-be greatest apparent diameter of either the Sun or Moon. 1 
I'oliows, theretore, that when we see the lower edge of eithe'^ 
ajpparevi!y resting on the horizon, its whole disc is in reality below 
it ; and would be entirely concealed by the convexity of the 
Earth, were it not for refraction. 

648. Another effect of refraction is, that the Sun seems to 
rise about three minutes earlier, and to set about three minutes 
later, on account of atmospherical refraction, than it otherwise 
would ; thus adding about six minutes, on an average, to the 
length of each day. 

The atmosphere is said to be so dense about the North Pole as to bring the Sun above 
the horiaon some days before he should appear, according w calculation. In 1506, some 
Dutch uavi^Ators, who wintered at Nova Zembla, in latitude 76*, found that the Sun began 
to be visible 17 days before it should have appeared by calculation ; and Kepler computes 
that the atmu>pheric refraction must have amount«d to 5", or 10 times as much as with us. 

649. The twilight of morning and evening is produced partly 
by refraction, but mainly by reflection. In the morning, when 
the Sun arrives within 18° of the horizon, his rays pass over 
our heads into the higher region of the atmosphere, and are 
thence reflected down to the Earth. The day is then said to 
be davm^ and tnc light gradually increases till sunrise. In the 
evening, this process is reversed, and the twilight lingers till the 
Sun is 18° below the horizon. There is thus more than an hour 
of twilight both morning^ and evening. 

In the arctic regions, the Sun is never more than 18* below the horlion ; so that th« 
twilight continues during the whole night. 

650. In making astronomical observations, for the purposes 
of navigation, &c., allowance has to be made for refraction, 
according to the altitude of the object, and the state of the 
atmosphere. For this pirpose tables are constructed, showing 
the amount of refraction .'v^r every degree of altitude, from the 
horizon to the zenith. 

147. Amount of displacement of celestial ol^ects by refraction? What follows? 
MS. Influence of refraction on length of days ? How aboat the North Pole ? 649. Oaoat 
tihoiUgMf 650. What allowance for refraction ? Tables? 
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CHAPTER XVII. 
AURORA BOREALIS AND PARALLAX. 

651. The sablime and beautiful phenomena presented by the 
Aurora Barealis, or northern lights, as they are called, ha^e beeu 
in all ages a source of admiration and wonder alike to the pea- 
sant and the philosopher. In the regions of the north (and 
indeed in many other places) they are regarded by the ignorant 
with superstitious dread, as harbingers of evil ; while all a^ree 
in placing them among the unexplained wonders of nature. 

These lighte, or ineteorlo conitcatlocs, are more brflUant In the aretie regions, appear- 
ing mostly in the winter season and In frosty weather. Thejr commimly tLppeHr at twi- 
light near the horiaoOf and sometimes continue in that state for several hours without 
any sensible motion ; after which they send forth streams of stronger light, shootinip 
with great Telocity up to the senith, emulating, not unfrequently, the lightning in vivid- 
n«ss, and the rainbow in coloring ; and again, silently rising in a compact majestic arcb 
of steady white light, apparently durable and immovable, and yet so evanescent, that 
while tlie beholder looks upon it, it is gone. 

At other times they cover the whoie hemisphere with their flickering and fantastic 
coruscations. On these occasions their motions are amaxln^y quick, and they astonish 
the spectator with rapid changes of form. They break out in places where none were 
seen before, rtcimming briskly along the heavens ; then they are suddenly extinguished, 
leaving behind an uniform dusky track, which, agahi, is briliiantly illuminated in the same 
manner, and as suddenly left a dull blank. Some nights they assume the appearance of 
vast columns ; exhibiting on one side tints of the deepest yellow, and on the otiier, 
melting away tutil they become undistinguishable from the surrounding sky. Thejr 
have generally a strong tremulous motion from end to end, which continues tiU the whole 
vanishes. 

652. Mdupertius relates, that in Lapland, ''the skj was 
sometimes tinged with so deep a red that the constellation Orion 
looked as though it were dipped in blood, and that the people 
fancied they saw armies engaged, fiery chariots, and a thousand 
prodigies.'' Chndin relates, that, 'Mn Siberia, on the confines 
of the icy sea, the spectral forms appear like rushing armies : 
and that the hissing, crackling noises of those aerial fireworks 
so terrify the dogs and the hunters, that they fall prostrate on 
the ground, and will not move while the raging host is passing.' 

Kerguelen describes " the night between Iceland and the Ferro 
Islands, as brilliant as the day'' — the heavens being on fire with 
flames of red and white light, changing to columns and arches, 
and at length confounded in a brilliant chaos of cones, pyramids, 
radii, sheaves, arrows, and globes of fire. 

653. But the evidence of Captain Parry is of more valne 

6S!. What said of the Aurora BorealUt How regarded by the ignorant? Wha«> 
aost brilliant r In what weather? Describe? 602. Observations of MaupmUUi 
Omdln, and K^rgudm t 068. Observations of Oapi, Parry t 
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than that of the earlier travelers, as he examinea the pLenomena 
uuder the most favorable circumstaDces, during a period of 
twenty-seven consecutive months, and because his observations 
are uninfluenced by imagination. He speai^s of the shifting 
fibres, the spires and pyramids, the majestic arches, and the 
sparkling bauds and stars which appeared within the arctic cir- 
cle, as surpassing his powers of description. They are, indeed, 
sufficient to enlist the superstitious feelings of any people not 
fortified by religion and pJnlosophy. 

654. The colors of the polar lights are of various tints. The 
rays or beams are steel grey, yellowish grey, pea green, celandine 
green, gold yellow, violet blue, purple, sometimes ro^e red, crim- 
son red, blood red, greenish red, orange red, and lake red. The 
archer are sometimes nearly black, passing into violet blue, grey, 
gold yellow, or white bounded by an edge of yellow. The luster 
of these lights varies in kind as well as intensity. Sometimes it 
is pearly, sometimes imperfectly vitreous, sometimes metallic. 
Its degree of intensity varies from a very faint radiance to a 
light nearly equaling that of the Moon. 

655. Many theories Lave been proposed to acx;ount for this 
wonderful phenomenon, but there seems to be none which is 
entirely satisfactory. One of the first conjectures on record 
iat tributes it to inflammable vapors iscending from the Earth 
into the polar atmosphere, and there ignited by electricity. Dr. 
Halley objects to this hypothesis, that the cause is inadequate 
to produce the effect. He was of opinion that the poles of the 
Earth were in some way connected with the aurora ; that the 
Earth was hollow, having within it a magnetic sphere, and that 
the magnetic effluvia, in passing from the north to the south, 
might become visible in the northern hemisphere. 

. 656. That the aurora borealis is, to some extent, a magnetical 
phenomenon, is thought, even by others, to be pretty clearly 
established by the following considerations : 

(1.) It has been observed, that when the aurora appears near 
the northern horizon in the form of an arch, the middle of it is 
not in the direction of the true north, but in that of the mag 
netic needle at the place of observation ; and that when the 
arch rise^ ^^owards the zenith, it constantly crosses the heaven? 
at right angles, not to the true magnetic meridian. 

<54. What said of Uie eclon^ Ac, of these polar Ugbtsf 055. If there a satltfitctor) 
explanation of these phenomena? What conjecture r Dr. HaUey's ohiection f ills owr 
•insular opinion ? 056. What eridences that the Aunn^ Boreali* \a of magnetii 
iriginf 
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(2.) When the beams of the aarora shoot up so as to pasf 
die zenith, which is sometimes the case, the point of their con- 
vergence is in the direction of the prolongation of the dif^ing 
needle at the place of observation. 

(3.) It has also been observed, that daring the appearance of 
an active and brilliant aurora, the magnetic needle often becomes 
restless, varies sometimes several degrees, and does not resume 
its former position until after several hours. 

From these fftcti , It Km been feneralljr Inferred that the aurora is in some way eon- 
Bected with the magnetiMm of the Earth : and that the simultaneoos appearance cf the 
meteor, and the disturbance of the needle, are either related as cause and effect, or a« 
the oomtfton retuU of some more general and unknown cause. 

657. Dr. Young, in his lectures, is very certain that the phe 
nomeuon in question is intimately connected with electro-mag- 
netism, and ascribes the light of the aurora to the illuminated 
agency of electricity upou the magnetical substance. 

It may be remarked^ in support of the electro-magnetic theory, ttiat In magnetiam, the 
agency of electricity is now clearly established, and It can hardly be doubted that the 
phenomena both of electricity and magnetism are produced by one and the same cause ; 
inasmuch as magnetism may be induced by electricity, and the electric spark has been 
drawn from the magnet. 

658. Sir John Herschel also attributes the appearance of the 
aurora to the agency of electricity. This wonderful agency, says 
he, which we see in intense activity in lightning, and in a feebler 
and more diffused form traversing the upper regions of the 
atmosphere in the northern lights, is present, probably, in 
inmiense abundance in every form of matter which surrounds us, 
but becomes sensible, only when disturbed by excitements of 
peculiar kinds. 

PARALLAX OF THE HEAVENLY BODIES. 

659. Parallax is the difference between the altitude of any 
celestial object seen from the Earth's surface, and the altitude 
of the same object seen at the same time from the Earth's cen- 
ter ; or it is the angle under which the semi-diameter of the 
^rth would appear, as seen from the object. 

The true place of a celestial body is that point of the heavens 
In which it would be seen by an eye placed at the center of the 
Earth. The apparent place is that point of the heavens where 
the body is seen from the surface of the Earth. The parallax 

657. Dr. Young*s opinion? What remark in support of his views f 65S. Sir John 
Herschel*8 opinion f 659. Parallax? True place of a celestial bodyf Apparent? 
When parallax greatest? Least? Called what, and why? What o^iectt the greatesl 
parallax? 
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of a heavenly body is greatest when in the horizon, and is 
thence called the horizontal parallax. Parallax decreases as the 
body ascends towards the zenith, at which place it is nothing. 

The acUoinin? cut will afford a aulficient illustration. 
When the observer, standing upon the Earth at A, paballax of thi PLAKZfS. 

Tiews t^e object at B, it appears to be at C, when, a. 
the same time, if viewed from the center of the Earth, 
it would appear to be at P. The parallax is the angle 
B C D or A B E, which is the difference between the 
altitude of the ottject B, when seen ftrom the Earih*8 
surface, and when seen from her center. It is also 
the angle under which the Remi-diameter of the Earth, 
A E, is seen from the objece B. 

As tbe ol^ject advances from the horison to the 
senith, the parallax is seen gradually to diminish, till 

at F it has no parallax, or its apparent and true place 

are the same. 
This diagram will also show why objects nearest 

the Earth have the greatest parallax, and those most 

distant the least; why the Moon, the nearest of all 

the heavenly bodies, has the greatest parallax ; while 

the fixed stars, from their immense distance, have no 

appreciable horisontal parallax — the semi-diameter 

of the Earth, at such a distance, being no more than a point. 

660. As the effect of parallax on a heavenly body is to depress 
it hdow its tr'we place, it must necessarily affect its right ascen- 
sicn and declination, its latitude and longitude. On this account, 
the parallax of the Sun and Moon must be added to their 
apparent altitude, in order to obtain their true altitude. 

The true altitado of the Sun and Moon, except when in the senith, is always affected, 
more or less, both by parallax and refraction, but always in a contrary manner. Hence 
tbe mariner, in finding the latitude at sea, always adds the parallax, and subtracts the 
refraction, to and from the Sun's observed altitude, in order to obtain the true altitude, 
and thence the latitude. 

661. The principles of parallax are of great importance to 
astronomy, as they enable us to determine the distances of the 
heavenly bodies from the Earth, the magnitudes of the planets 
and the dimensions of their orbits. 

The Sun's horizontal parallax .being accurately known, the 
Earth's distance from the Sun becomes known ; and the Earth's 
distance from the Sun being known, that of all the planets may 
be known also, because we know the exact periods of their 
sidereal revolutions, and, according to the third law of Kepler, 
the squares of the times of their revolutions are proportional to 
the cubes of their mean distances. Hence, the first great 
desideratum in astronomy, where measure and magnitude are 
concerned, is the determination of the true parallax. 

By means of observations of fhe transit of Yenas, In 17<t9, the Sun*8 horisontal paral* 

6<M). Effect of parallax? How obtain true altitude? How differ from refraction? 
How then obtain true altitude ? 661. Use of parallax ? How employed ? Note ? 



Digitized by Google 



M)6 



▲STBONOMT. 



Uz VM Mttltd at S^.OTTd, aoeordlng to which the mean distance of the San from fh* 
Earth vaa thoacht to he ahoat 9&,600,0t0 of Billet Careful obeerrationa and ealcola- 
tlona of recent date agree In proving that the trae parallax la Bomewhat larger than thia; 
and, hencCf that the 8an^ distance is not so great as above stated. Hansen, hy lunar 
obsenratlona, has fixed the parallax at 8''.916; WUinecke and Stone, by determining the 
parallax of Mars in opposition, hare found it to be 8"JMM and 6".98 respectively; Fen- 
eault, by experiments on the vdodty of Ught, has fixed it at 8^.M ; and Levemer, from 
obaervationa on Mara, Venus, and the Moon, at S^'.SOO. The approximation to agreement 
in all these determinations shows that they cannot be far from the truth ; and for the 
present It will be aafe to assume the average of them (8^^944) as correct. This will make 
the Sun's mean distance 9i4KN),0OO nrilea, nearly; and, of course, the distances and diap 
meters of the other heavenly bodiea have all been somewhat reduced to agree wiMi this 
fondaroental fact After the observations to be made In ISTfi, of the tranait of Venus, 
to occur in that year, this determination of the sc^r parallax will be again reviewed, 
and, if necessary, corrected. 

VABLl or TDB aUV ^8 PAXAIXAZ AT VaVOMKT ALnxUDBi. 



SuH'tAU. 


FaraOax, 


ffufCsMt 


Far<aax. 


/Shm'$AU. 


Parallax, 


0* 
20* 


%".9U 

8'.808 
8".405 
7".T4« 


40- 

4A* 
W 
66* 


6" 853 
«".325 
5'.743 


60* 
TO* 
80* 
00* 


4".4T2 
8".059 
1".568 
0".000 



662. The change in the apparent position of the fixed stars, 
caused by the change of the Earth's place in her revolution 
around the Sun, is called their annual parallax. So immense 
is their distance, that the semi-annual variation of 183,000,000 
of miles in the Earth's distance, from all those stars that lie in 
the plane of her orbit, makes no perceptible difference in their 
apparent magnitude or brightness. 

The foUowinf cot will lUostrate our meaning: 

B, 

D - ' " ,^^ "'vC „ ^ 

\..^....^...^ » 

B " 

Vtt A represent a fi^ed star in the plane of the Earth's orbit, B. At C, the Earth U 
183,00O/)00 of miles nearer the star than it will be at D six montha afterward ; and yet 
this semi-annual variation of 183,000,000 miles in the distance of the star is so small a 
fraction of the whole distance to it, as neither to increase or diminish its apparent 
brightness. 

663. It is only those stars that are situated near the axis of 
the Earth's orbit whose parallax can be measured at all, on 



Ids. What meant by Earth's an^vaZ parallax f Effect of variation of Earth's dls- 
OA the fixed stars? Diagram. 668. What sUrs have perceptibie parallax f 
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account of its almost imperceptible quantity. 
So distant are they, that the Tariation of 
183,000,000 miles in the Earth's plac« 
causes an apparent change of less than 1" in 
the nearest and most favorably situated 
fixed star. 

Let A represent the Earth on the 1st of January, and B a 
star observed, at that time. Of course, its apparent place in 
the more distant heavens will be at C. But in six months the 
Earth will be at D, and the star B will appear to be at E. 
The angle A B D or C B E will constitute the parallactic angle. 
In the cut, this angle aaiouc'jE to about 4S', whereas the real 
parallax of the stars is less than v;^^^ of one d^ree^ or 
tttWs^^ part of this amount Lines approaching each other 
thus slowly would appear i>arallel ; and the Earth^B orbit, if 
filled with a globe of fire, and viewed from the fixed starte, 
would appear bnt a point of light f in diameter I For a 
splendid diagram illustratiTe of the annual parallax of the 
stars, see Map I., of the Atlas. 



PAKAixAX or m OTAMi 




ABERRATION OF LIGHT. 

664. In the year 1125, Mr. Molyneux and Dr. Bradley fixed 
up a very accurate and costly instrument, in order to discover 
whether the fixed stars had any sensible parallax, while the Earih 
moved from one extremity of its orbit to the other ; or which 
is the same, to determine whether the nearest fixed stars are 
situated at such an immense distance from the Earth, that any 
star which is seen this night, directly north of us, will, six 
months hence, when we shall have gone 183,000,000 of miles to 
the eastward of the place we are now in, be then seen exactly 
north of us still, without changing its position so much as the 
thickness of a spider's web. 

665. These observations were subsequently repeated, with but 
little intermission, for twenty years, by the most acute observers 
in Europe, and with telescopes varying from 12 feet to 36 feet 
in length. In the mean time. Dr. Bradley had the honor of 
announcing to the world the very nice discovery made while 
endeavoring to ascertain the parallax of the fixed stars, that 
the motion of lights combined with the progressive motion of the 
Earth in its orbit ^ causes the heavenly bodies to be seen in a differ* 
ent position from what they would be, if the eye were at rest. Thus 
was established the principle of the Aberratio^i of Light. 

666. This principle, or law, now that it is ascertained, seems 

Amount f Diagram, and explanation. 664. What experiment by Molyneux ana 
Bradley? With what results ? 665. What further observations for the same purpose ¥ 
What discovery made while investigating the subject of parallax ? What is the abami' 
tt4m q^Uffht f 6CG What renmrks upon the prindpU or lata of observation ? Uc w It 
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not onlj yery plaio, but self-evident. For if light be progres- 
8i?e, the position of the telescope, in order to receive the ray, 
most be different from what it would have been if light had 
been instantaneous, or if the Earth stood still. Hence the place 
to which the telescope is directed will be diflferent from the Xmt 
place of the object. 

The quantity of this aberration is determined by a simple 
proposition. The Earth describes 59' 8" of her orbit in a day 
= 3548", and a ray of light comes from the Sun to ns in 8' 1*7" 
=--497": now 24 hours or 80400" : 497 :: 3548 : 20" 4; which 
is the change in the star's place, arising from the cause above 
mentioned. 



CHAPTER XVIII. 



PRACTICAL ASTRONOMY— REFLECTION AND REFRAC- 
TION OF LIGHT. 

661. Practical Astronomy has respect to the means employed 
for the acquisition of astronomical knowledge. It includes the 
properties of light, the structure and use of instruments, and 
the processes of mathematical calculation. 

In the present treatise, nothing farther will be attempted than a mere introduction ic 
practical astronomy. In a work designed for popular use, mathematical demonstrations 
would be out of place. Still, every student in astronomy should know how telescopes are 
made, upon what laws they depend for their power, and how they are used. It is for thiJ 
purpose mainly that w« add the following chapters on practical astronomy. 

PROPERTIES OF LIGHT. 

668. Light is that invisible ethereal substance by which we 
are apprised of the existence, forms, and colors of material 
objects, through the medium of the visual organs. To this sub- 
tile fluid we are especially indebted for our knowledge of those 
distant worlds that are the principal subjects of astronomical 
bquiry. 

669. The term light is used in two difiTerent senses. It may 
signify either light itself, or the degree of light by which we are 
enabled to see objects distinctly. In this last sense, we pnt light 

the quantity of aberration determined f 667. Subject of Chapter XVin. ? What Is 
oraeHcal ti^ronumy f How far discussed in this treatise? 668. Define lifffat. For 
«hat indebted to it? 669. Different senses in which the term U used? What li 
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in dpposition to darkuess. Bat it should be borne in mind, thai 
darkness is merely the absence of that degree of light which is 
necessary to human vision ; and when it is dark to us, it may be 
light to many of the lower animals. Indeed, there is more or 
less light, even in the darkest night, and in the deepest dungeon. 

•• Those unfortunate Indlylduals,** says Dr. Dick, "who have been confined In the dark- 
est dungeons, have declared, that though, on their first entrance, no ol^ect could be per- 
ceived, perhaps for a day or two, yet, in the course of time, as the pupils of their eyef 
expanuetl, they could readily perceive rats, mice, and other animals that infested theif 
ceUs, and likewise the walls of their apartments; which shows that, even in such situa* 
tions, light is present, and produces a certain degree of influence." 

670. Of the nature of the substance we call light, two theo 
ries have been advanced. The first is, that the whole sphere of 
the universe is filled with a subtile fluid, which receives from 
luminous bodies an agitation ; so that, by its continued vibra- 
tory motion, we are enabled to perceive luminous bodies. This 
was the opinion of Descartes, Euler, Huygens, and Franklin. 

The second theory is, that light consists of particles thrown 
off from luminous bodies, and actually proceeding through space. 
This is the doctrine of Newton, and of the British philosophers 
generally. 

Without attempting to decide, in this place, upon the relative merits of these two hypo- 
theses, we shall use those terms, for convenience sake, that indicate the actual passage 
of light from one body to another. 

671. Light proceeds from luminous bodies in straight lines, 
and in all directions. It will not wind its way through a crooked 
passage, like sound ; neither is it confined to a part of the cir- 
cumference around it. 

As the Sun may be seen from every point in the solar system, and far hence Into space 
*n every direction, even till he appears but a faint and glimmering star, it is evident that 
he fills every i>art of this vast space with his beams. And the same might be said of 
every star in the firmament. 

612. As vision depends not upon the existence of light merely, 
but requires a certain degree of light to emanate from the object, 
and to enter the pupil of the eye, it is obvious that if we can, 
by any means, concentrate the light, so that more may enter tho 
eye, it will improve our perception of visible objects, and even 
enable us to see objects otherwise wholly invisible. 

Some animals have the power of adapting their eyes to the existing degree of light. 
The cat, horse, Ac, can see day or night; while the owl, that sees well in the night, sees 
poorly in the day-time. 

673. Light may be turned out of its course either by refttction 

dariCJess? Can it be dark and light at the same time? Is there any place withoat 
light ? Quotation A-om Dr. Dick ? 670. What theories of the nature of light, and by 
whom supported respectively? Remark of author? 671. How light procetds tttm 
•nmiaoas bodies? Radiations from Sun and stars? 672. How improve viilODi and 
vt^'/ Ant'"'^''' ? 678. How is light turned out of its course f 
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or rtf radon. It is reJUcUd when it falls upon the highly polished 
surface of metals and other intranspareut snbstances ; and 
rtfraded when it passes through transparent substances of diffe- 
rent densities, as already illustrated in Chapter XVI. 



REFRACnOK BY GIJISS LENSES. 



674. A lens is a piece of glass, or other transparent substanct», 
of such a form as to collect or disperse the rays of light that 
are passed through it, by refracting them out of a direct coarsa 
They are of different forms, and have different powers. 



In the iifiioinlng cut, we liare an edgewise 
Ttcw of fix different lentea. 

A ii the pUtno-con^em^ or hnlf a double con- 
▼ex lent ; one aide being convex and the other 
^ane. 

B ia a pUtno-^oncaw ; one surface being con- 
care, and the other plane. 

is a doubU-cativr^ lens, or one that Is 
bounded by two convex surfaces. 

P is a douhU-concate lens, or a circular piece 
of glass hollowed out on both sides. 

E is a concavo-contfm lens, whose corres 
differ, but do not meet, if produced. 

F ia a menineus^ or a concavo-convex lens, 
the cunres of whose surfaces meet. 

675. A double-convex lens 
converges parallel rays to a 
point called the focus ; and 
the distance of the focus 
depends upon the degree of 
corvtxity 

In the first of these cuts, the lens is 
quite thick, and the focuo of the rays is 
quite near; but the other being lesK 
convex, the focus is more distant. 

676. The distance of the 
focus of a double-convex glass 
lens is the radius of the sphere 
of its convexity. 

In this cut, it will be seen that the 
parallel rays A are reft-acted to a focus 
at C, by the double-convex lens B, the 
convexity of whose surfaces is Just equal 
to the curve of the circle D. 

677. The focal distance of 
a fiUino<oiivex lens is equal to 
the diameter of the sphere 
formed by the convex surface produced, 



LKN8I8 or OirrCRKNT POBMB. 




UOBT BBFRACnD BT LBBSlS. 




DOUBLB COBTBX— rOCAL DISTAMCB. 




VIA, What is a Un» f Praw and describe diflSerent kinds. 675. Befk*actinic poi;x:r of 
cCott&{e-coiH>«Dlensf Focal distance? Diagram, and illustrate. 676. Hew focal dl» 
tanuf fovemed t Diagram, and illustrateb 677. What is tbe focal «ifaf»ftmtf of • 
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It niist be borne in mind, that flavo-cokoavji— rocAL dutaxoi;. 

U|?ht is refracted both trben it 
enters, and wlien it lea/es a double 
convex lens, and in both instances 
(u the same direction ; and, so far 
as the distance of the focus is 
concerned, to the same extent. 
But when the lens is convex onljr 
on one side, half its refracting 
poorer is gone, so that the rays 
are not so soon refracted* to a 
focus. In this case, the focal dis- 
t&nce is equal to the diameter of 
the sphere formed by extending 
the convex surface of the lens; 
while mth the double-convex lens, 
the focal distance is only equal to 
the radius of such sphere. In the cut, the parallel rays A ure refracted to a focus af 
B, by the plano-concave lens C ; and the distance C B is the diameter of the circle 
D, formed by the convex surface of the lens C produced. 

678. A double-canr bats dispekskd bt kwhaction. 

cace lens disperses pa- 
rallel rays, as if they 
diverged from the cen- 
ter of a circle formed 
by the convex surface 
produced. 

In this cut, the parallel rays 
A are dispersed by the double- 
concave lens 0, as shown at 
B; and their direction, »s 
thus refracted, is the same 
as if they proceeded f^om the point D, which is the center of a eircle formed by ike 
concave surface of the lens produced. 

679. Common spectacles, opera-glasses, burning-glasses, and 
refracting telescopes are made by converging light to a focus, by 
the use of double-convex lenses. 

SirunK6^LA8& 

The ordinary burning-glass, which may be 
bought for a few shillings, is a double-convex 
disk of glass two or three inches in diameter, 
'nclosed in a slight metallic frame, with a han- 
dle on one side. Old tobacco-smokers some- 
times carry them in their pockets, to light the<r 
pipes with when the Sun shines. In other in- 
stances, they have been so placed, as to fire a 
cannon in clear weather, by igniting the prim- 
ing at 12 o'clock. 

The adjoining cut represents a large burn- 
ing-glass converging the rays of the Sun to a 
focus, and setting combustible substances on 
trc. Such glasses have been made powerful 
en 9ugh to melt the most refractory substances, 
as platinum, agate, Ac. ** A lens three feet in 
diameter," says Professor Gray, " has been 
known to melt cornelian in 75 seconds, and a 
|»iece of white agate in 80 seconds.** 

jaano-cowvem leiMf Diagram. SIB. Effect o( daudle-convem \en9t Amount of diver 
gcncyofra^? 619. What articles made witb double-convex lenses r Uses? Powei 
of borniog glasses? 
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REFLECTION OF XIGHT. 

680. We have now shown how light may be turned oat of ita 
course, and analyzed, dispersed, or converged to a point by 
refradion. Let lis now consider how it may be converged to a 
jdcns by refledion. 

When light falls upon a highly-polished surface, especially of 
Iietals, it is rt/Udtd or thrown off in 
a new direction, and the angles of 
contact and departure are always 
equal. 

Let A B repretent the polished metallic surflMe, 
the source of light, and the arrows the directioa 
of the raj. Then D would represent the angle of 
incidence or contact, and B the angle of reflection 
or departure— which angles are seen to be equal. 

681. A concave mirror re- 
flects parallel rays back to a 
focus, the distance of which 
is equal to half the radius of 
the sphere formed by the 
concave surface produced. 

In this cat, the parallel rays A Ml 
upon the concave mirror B B, and are 
reflected to the focus G, which is half 
the radius of the sphere formed by the 
Burfkce of the mirror produoed. If, 
therefore, it was desirable to construct 
a concave mirror, having its focus 10 
feet distant, it would only be necessary 
to grind it on the circle of a sphere 
iMving a radius of 20 feet. 

682. In reflection, a por- 
tion of the light is absorbed 
or otherwise lost, so that a 
reflector of a given diameter 
will not converge as much light to a focus as a double-convex 
lens of the same size. In the latter case all the light is trans- 
mitted. Still, reflectors have been found of such power as to 
melt iron, and other more difficult substances. 

We hare now considered so much of optics as is necessary to an understanding of the 
principles upon which telescopes are constructed; and, for further particulars, shaO 
refer the student to books on Natural Philosophy. 




<I80. What now shown in this chapter? What next? What is r^flecUon^ and whei 
dtes it take place? What law governs it? Diagram. 681. How does a cohoom 
mirror reflect parallel rays I Distance of focus ? Diagram. How would you coostmct 
ft eoncave mirror with a 10 feet focus ? 682. Is all the light fUliag opon ft | " * ' 
pnface reflected ? 'What then ? Closiog note f 
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CHAPTER XIX. 

TELESCOPES— REFRACTORS AND REFLECTORS. 

683. A TELESCOPE is an optical iDstroment employed iu new* 
ing distant objects, especially the heavenly bodies. The term 
telescope is derived from two Greek words, viz., /e/e, at a distance, 
and skopeo, to see. So far as is now known, the ancients bad no 
knowledge of the telescope. Its invention, which occurred in 
1 609, is usually attributed to Galileo, a philosopher of Florence, 
in Italy. 

The difcovery of the principle upon which the refracting telescope is constmcted waf 
pnrely accidental. The children of one JfMMen, a spectacle-maker of Middleburj^ in 
llolland, being at play in their father's shop, happened to place two glasses in such « 
manner, that in looking through them, at the weathercock of the church, it appeared to 
be nearer, and much larger than usual. This led their father to fix the glasses upon a 
t>oard, that they might be ready for observation ; and the news of the discovery was soon 
conveyed to the learned throughout Europe. Galileo hearing of the phenomenon, sooc 
discovered the secret, and put the glasses in a ^u&«, instead of on a board ; and thus the 
first telescope was constructed. 

684. The telescope of Galileo was but one inch in diameter, 
and magnified objects but 30 times. Yet with this simple 
instrument he discovered the face of the Moon to be full of ine- 
qualities, like mountains and valleys ; the spots on the Sun ; thn 
phases of Venus ; the satellites of Jupiter ; and thousands of 
new stars in all parts of the heavens. 



Notwithstanding this propitious commencement, so slow was the progress of tt)« 

*^ ■ • ' eSO-for 

ng power of the telescope c "" 
idnd of telescope is capable of I" 



telescope towards its present state, that in 1816, Bonnycastle speaks of the SO-fOld maf« 
oifying power of the telescope of Galileo as '* nearly the greatest perfecUon that this 



685. If he be the real author of an invention who, from a 
knowledge of the cause upon which it depends, deduces it from 
one principle to another, till he arrives at the end proposed, 
then the whole merit of- the invention of the telescope belongs to 
Galileo. The telescope of Jansen was a rude instrument of mere 
curiosity, acxjidentally arranged ; but Galileo was the first who 
constructed it upon principles of science, and showed the practi- 
cal uses to which it might be applied. 

It is said that the original telescope constructed by OalUeo is still preserred In the 
British Museum. A pigmy, indeed, in its way, but the honored progenitor of » race of 
grants! 

686. The discovery of the telescope tended greatly to sustain 

088. Bobject of Chapter SIX. ? Telescope ? Derivation ? Ancient or modern ? In* 
rentort Incidents of discovery? 684. Oalileo^s telescope? Discoveries with it? 
Progress In telescope making? 685. Is Galileo entitled to the honor of inventing the 
leleoco|«f Wliereishis? 686. Relation of discovery to Copemlcan theory ? Rffcoto 
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the Copernican theory, which had jost been proriinlgated, and o! 
which Galileo was an ardent disciple. Like Copernicns, how 
erer, his doctrines subjected him to severe persecutions, and he 
was obliged to renoonce them. 

The foUoirlnff It his renoocUtton, made June 28, 1688 : ^ I, Galileo, in the serentleth 
year of my age, on bended kneee before yonr eminences, haring before vaj eyes and 
touching with my hands the Holy Gospels, 1 curse and detest the errw of the Eartli's 
movement.** As he left the covrt, howoTer, after this forced renonclation, he Is said to 
have stamped upon the Earth, and exclaimed, ** It does moTe, after all?** Ten years 
after this, oe was sent to prison for the same supposed error ; and soon, his age adranc- 
iag, the grave received him ftrom the malice of his persecutors. 

DIFFERENT KINDS OF TELESCOPES. 

687. Telescopes are of two kinds — Reflectors and Refractors 
KefVacting telescopes are made by rtfr acting the light to a focus 
with a glass lens (675) ; and reflecting telescopes, by reflecting 
it to a focus with a concave mirror (681). Besides this 
general division, there are various kinds both of reflectors and 
refractors. 

Telescopes assist vision In various ways— first, by enlarging the visual angle nndex 
which a distant object is seen, and thus magnifjrbig tliat olject ; and, secondly, by 
converging to a point more light than could otherwise enter the eye— thus rendering 
ohiects distinct or visible that would otherwise be indistinct or invisible. 

All the light falling upon a six or a twelve inch lens may be converged to a focus, so 
as to be taken into the human eye through the pupil, which is but one-fourth of an inch 
in diameter. Our vision is thus made as perfect b; art as if nature had given us ability 
to enlarge the eye till the pupil was a foot in diameter. 

688. Refracting telescopes may consist of a double-convex 
lend placed upon a stand, without tube or eye-piece. Indeed, a 
pair of ordinary spectacles is nothing less than a pair of small 
telescopes, for aiding impaired vision. 

mVRAGTUlO TBLKSOOPX WITH A SfSOLB LOS. 




Here the parallel rays are seen to pass through the lens at A, and to be so converg«><* 
to a point as to enter the eye of tlie beholder at B. His eye Is thus virtually enlarged t« 
Lie slse of the lens at A. But it would be very difficult to direct such a telescope toward 
oelestial ok^ects, or to get the eye in the focus after it was thus directed. 



r* 



. Galileo? His renunciation? Death? 687. Kinds of telescopes? Dcecrib*% 
w assist vision ? Illustration. 888. Simplest form ofreftracting telescope ? 
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689. The GroUlean telescope consists of two glasses — a €Umhi& 
wnvez next the object, and a doable-concave near the eye. The 
former converges the light till it can be received by a small 
double-concave, by which the convergency is corrected (502), 
and the rays rendered parallel again, thongh in so small a beam 
as to be capable of entering the eye. 



dJkLIUUN TKUnOOPK. 




Here the light if conrerged bj the lens A, till It can be recelTed by the doaUe-coQcare 
lens B, bj vhich the rays are made to become a small parallel beam that can enter the 
eye at 0. This was the form of the telescope constmcted by tAmsen, and improved by 
CkJileo ; on which account it is called the Galilean telMeop^ In the cut, the two lenses 
are represented as Csstened to a boards as first exhibited by Jansen. 

690. The common astronomical telescope consists of two 
glasses — viz., a large donble-convex lens next the object, called 
the object-glass ; and a small double-convex lens or microscope 
next the eye, called the eye-piece. For the greater convenience in 
nsing, they are both plac^ in a tube of wood or metal, and 
mounted in varions ways, according to theur size, and the par- 
poses to which they are devoted. 

uasa PLAOKD n a tubi. 




A is the 9b^eeiifkU9^ B the ey^-puee^ and C the place where the tube, in which the eye* 
^ece is set, slides in and out of the large tube, to adjust the eye-piece to the focal dis- 
tance. By placing the lenses in a tube, the eye is easily placed in the focus, and the 
«l^iect-glass directed toward any desired oltfect. 

691. The object-glass of a telescope is usually protected, when 
not in use, by a brass cap that shuts over the end of the instru- 
ment ; and the eye-pieces, of which there are several, of differ* 



Ml. ^UZMm telescope? Why called GaWea/nt <MM). How common nstrono mi eal 
IHcecopes m.idet Why in tube? OSn. How ot^ect-gtnss protected? Wh'U nid af 
igf«-ylooe#f 
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0Dt magnifying powers, 
are so fixed as to screw 
Into a small morable tube 
in the lower end of the 
instniment, so as toadjast 
them respectively, to the 
fot^os, and to the eyes of 
different observers. Soch 
telescopes osnally repre- 
sent objects in an invert- 
ed position. 

The a4Joinlng out repreMOto the 
simplest form of a moonted refrac- 
tor. nieoldect-gtassisatAyirhere 
the brass cap may be seen corer* 
Ing IL B is the small tube into 
which the eye-piece is screwed, and 
which is mored in and out by the 
small screw 0. Two eye-pieces 
may be seen at D— one short one, 
for astronomical observations, and 
a long one, for land ofcjects. For 
▼iewing the Sun, it is necessary to 
add a screen, made of colored 
l^ass. At B, a bolt goes into a 
socket In the top of the stand, in 
which it turns, allowing the tele- 
scope to sweep around the horizon : whfle the joint, connecting tht suddle hi which tin 
telescope rests with the top of the bolt, aOows it to be directed to any point between th« 
horiaon and the lenith. But such stands answer only for comparatively small instruments. 

692. Refractii^ telescopes are mounted in various ways. 
So important is it that they should not shake or vibrate, that, in 
most observatories, the stand rests ujwn heavy mason-work in 
no way connected with the building, so that neither the wind 
nor the tread of the observer can shake it. They are then fur- 
nished with a double axis, which allows of motion up and down, 
or east and west ; and two graduated circles show the precise 
amount of declination and right ascension. 

They are often furnished with clockwork, by which the telescope Is made te move 
westward just as fiast as the Earth turns eastward ; so that the t^iestial ohject beinf 
once found, by setting the instrument for its right ascension and decHnalion, or by tlie 
aid of tlie Finder—SL small telescope attached to the lower end of the large one— tt may 
be kept in view by the dockwortc for any desirable length of time. A telescope thus fur- 
nished with riffht ascension and declination circles Is called an JBnuitorialf or is said to ' 
be equ€Uoriau^ mounted^ because it sweeps east and west in the heavens parallel to the 
equatot. 

693. The object-glasses of telescopes are not always made of 
a single piece of glass. They may be made of two concavoK30l^ 
vex glasses, like two watch crystals, with their concave sides 

692. How ivfraetors mounted, and why? When equatorial, and why? 0OS. |io7 
l*itcci.gla«a«! made ? What a Unc T A Barlow lens T 
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towards each other, or with a thin double concave glass between 
them. They are thus double, or triple ; but when thus con- 
structed, the whole is called a lens, as if composed of a single 
piece. 

Leuses have also been formed by patting two concaro-convex glasses together and 
filling the space between them, with some transparent fluid. These are called .&iW<m« 
lenses, from Prof. Barlow, their inventor. 

694. As a prism analyzes the light, and exhibits different 
colors, so a double convex lens may analyze the light that falls 
near its circumference, and thus represent the outside of the 
heavenly bodies as colored. But this defect is remedied by 
using discs made of different kinds of glass, so as to correct one 
refraction by another. Refracting telescopes thus icorrected are 
called Achromatic telescopes. 

Achromatic \9 from the Greek a chroma, which signifies destitute of color. Most 
refracting telescopes are now so constructed as to be achromatic. 

695. It is but recently that any good refracting telescopes 
have been made in this country. The best have formerly been 
made in Germany and Franco ; but a number of very fine instm- 
ments have been made in this country, most of them by Mr. 
Henry Fitz, Jun., formerly of New "York City. Several very 
good instruments have also been made by Alvan Clark, Esq., of 
Boston, and others still by Charles A. Spencer, Esq., of Troy,- 
N. Y. Mr. Fitz died in New York, No\ember 27, 1863. 

1. The author was personallv well acquainted with Mr. Fits, and during his life gav« 
fovorable descriptions of his instruments in these pages, and did all that he could to 
mako his capabilities known to the American publia He made his first telescope in 
1885. In the Wioter ot 1844 he invented a method of perfecting object-glasses for remtct- 
ing telescopes, making the first one of the bottom of an ordinary tumolor. In the Fall 
of 1845 ho exhibited, at the Fair of the American Institute, an instrument of 6 inches 
aperture, which, although made of common American material, in the wav of flint glass, 
was a very excellent instrument Continually progressing in size, he finally succeeded in 
making instruments of 16 inches apertiu*e, cue of which is now in the possession of Mx. 
Ynn Duzee, of Buffalo, N. Y. He made two of 18 inches — one for the Dudley Observa* 
tory, at Albany, and the other for an association of gentlemen, at Alleghany City, Pa. 
Of 12 inches aperture, he produced one for the Observatory at Ann Arbor, Michigan, and 
another for the Yassar Female College. He made for M. L. Kutherford, of New York, 
at various times, telescopes of 4, 5}, 6, 9, and Hi inches aperture; the last, an instrument 
of remarkable defining power, is now mounted in Mr. Rutherford^s Observatory, i& 
. Eleventh Street, New York City. Mr. Vickers, of Baltimore, has a 10-inch. Sevcml 
of the size of 8 and 9 inches are scattered over the country. The British Charc6 d'Af- 
foires at Montevideo has a 9-inch. Mr. Campbell, of New York, has an 8-inch. Of a 
Lirge number of 6 inches aperture, one very fine instrument was ordered by the United 
Btates Government, for Lieut Gillics's expedition to Chili; it is still in the Observatory 
of ihe Chilian Government At about the same time, he made another of the same size 
tor Mr. Kobert Van Arsdale. of Newark. N. J. Mr. Thomas F. Hanison, Principal of the 
Public Grammar School in Greenwich Avenue, New York, has another mounted on that 
building. [Bemoved on the rebuilding of the 8oho<^ edifice in 18d5.— ^li.] 

3. For a list of telescopes in this country, with the names of their respective makers, 
fooal lengths, size of object glasses, Jbc., see table on subsequent page. 

695. What said of the manufacture of telescopes ? What other Americans haye mad« 
them? (Whatsaidof Mr. Fitz? Telescopes?) 
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mUTUERFORD'S BQUATOBIAL SXrRACTOlt. 

690. The above cot represents an equatorial telescope muntt 
factured by Mr. Henry Fitz, of New York — the one used by 
tlie author in making most of his observations. Its object- 
glass is six inches in diameter, and its focal length eight feet. 
It is perfectly achromatic, and performs all the tests laid down 
in Dick's Practical Astronomer, as evidence 6f a good instru- 
ment, with perfect case. Under favorable circumstances, it 
shows the sixth star in the trapezium of Orion, and to show 
Polaris double is a very easy test indeed. 

A Mfuier is seen attached to the lower end of the lar^ instrument It takes in a 
ktfgvt field or view in the heavens than the lattt*r, and enables the obsenrer to kwk ul 
vbi'^eia vlth fiteiUty, and bring them into the field of the lurt^er instrament 
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Vam PHILADKLPHIA BXnAOTOB.* 

697. This instrument is located in the Observatory of the High 
School of Philadelphia. Its focal length is eight feet, and its 
a])erture six inches — the same as the one on the preceding page. 
It was made by Merz & Mahler, of Munich, and cost $2,200. 

♦ We are indebted to the courtesy of Messrs. Harper Brothers, of New Tork, fof 
copies of aeveral of these cuts from their Monthly Magazine for Jane, 185& 

€07 The Philadelphia refra«tor? Size? By whom made r Cost? 
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698. This instramcnt has a focal length of sixteen feet, with 
an object-glass thirteen-and-a-balf inches in diameter. Its focal 
length is therefore abont four feet less than is usftal in the Mu- 
nich instruments of the same aperture. The flint and crown 
glass discs for it were imported from Germany, and the instru- 
ment was made by Messrs. Spencer & Eaton, of Canastota, N, Y., 
at a cost of $10,000. It is reported to be a very superior tele- 
scope, and, in workmanship, is regarded as fully equal to the 
Munich instruments. 



Itoa 6ii<^ of tb« Hamilton Cc liege teIeioDp«? Wli»t pecoliftrit/ m to lenytLf Bf 
wJioni iDAde? Cottt 
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OBXAT BKrBAOTIMO TXLESCOPB AT CUfOIKNATI, OUIO. 

609, Tlie above cut represents one of the best telescopes in 
tbe United States. It is located in the observatory on Mount 
Adams, near Cincinnati, Ohio, and was for several years under 
the direction of the late Prof. 0. M. Mitchel^ by whose instru* 
mentility It was purchased and mounted. 

The ubjeot-glass in about 19 inches in diameter, with a focal distance of 17 feet I; 
was r>archased in Munich, Oermany, in 1844, at an expense of nearly Un tluAt^atui 
Uo/lars. 



699. Cincinnati rcflnctor— where located? <)7 whom purchased t (Where t Wbenf 
rost> 81se and foeal distance?) 
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TBI BQCTATORIAL BEFKAOTOB AT ALBAMT, V. 1 

700. This superb instrnment is mounted in tut Dudley Ob- 
servatory, at Albany, and is one of the most important instm* 
ments in America. Its focal length is 16 feet 2 inches. The 
object-glass, made by the late Henry Fitz, of New York, is 13 
inches clear aperture, and the tube is of mahogany, constructed 
by glueing together strips of about an inch in width. A finder, 
or small telescope for finding objects, is seen attached to the 
lower end of the large instrument. 

TOO. Where located* Blie? By whom made f What Mid of tab* f ItBdarf 
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1-11 K UKKAT E^VATOBIAL EKFXAOTOE AT OAMBBIDQS MAflib 

701. Tliis is probably the best ins'ruraent in the United States. 
Its object-glass is 15 inches in diameter, with a focal length of 
22 feet 6 iiicties. It has eighteen different powers, ranging from 
103 to 2,000. It was made by Merz & Mahler, of Munich, Ba- 
varia, and cost $19,842. 

Tho cnt shows the opening in the f^olving dome of ^e obeorvatory, ^nd Pie cbserref 
In his chair at the eye-piece. 



*0l. (V>i?ii>ifratiTe ralner Sliet Magnifying powers r By whom made f Cpftql 

fii«tt-uu)cnif '*"' ' 
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tun HKKAa OKAltt TULUCUl'K, WA»l>8WOKTH COMMOIT, MBAB LOMDOX. 



702. This is the largest refracting telescope ever constructed 
The objec^gloss is two feet in diameter, with a focal distance of 
76 feet. The tube is of heavy sheet iron, and shaped somewhat 
like a cigar. It is 13 feet in circumference in the largest place, 
and weighs about three tons. 

This telescope is sospended from a brick tower, 65 feet high, 15 feet in diameter, and 
fre!gh!ng 220 tons. The top of the tower, frcm which the telescope is suspended, r»- 
-rolves ; and by a chain running over pulleys, and a weight and windlass, it is balanced, 
and raised or lowered. The lower end rests on a small carriage, that runs upon a eirci.* 
tar railroad around the tower, at the distance of 52 feei from iu center. Br these meant 
it is dir»;ted to almost any point in the heavens. It Is called tlie ** Craig** telescope, In 
honor of the Kev. Mr. Craig, under whose diredHon, and at whose expense, it waa con* 
Ktrucled. It is located at Wandsworth Common, bear London. 



7(i3» Peseribo the Craig telescope. Ol^ectglassf Focal dbtaneef 
■ioRDt«a! yihf called '' Oralg" teleaoope ? Where located f 



T'bo? How 
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▲ TRAKSIT IKSTBUMXirT. 

703. A. Transit Instrument is a telescope used for observing 
the trau^its of celestial objects across the meridian, for the pur- 
pose of determining differences of right ascension, or obtaining 
correct time. They are usually from six to ten feet long, and 
are mounted upon a horizontal axis, between two abutments of 
mason-work ; so that the instrument, when horizontal, will point 
exactly to the south. It will then take objects in the heavens, 
when they are exactly on the meridian. 

The Transit Instrument and Mural Circle have been combined 
in one instrument, called a Meridian Circle^ as shown on a sub- 
sequent page. 

Let A D in the cut represent the telescope, and £ and W the east and west abntmenta^ 
lietween which it is plained. On the left is seen, attached to the mason work, a graduated 
eircle ; and on the eastern end of the axis of the telescope is seen an arm, n, extending 
to the circle, as an index. NcAv, suppose the index A to be at o, in the upper part of the 
circle, when the telescope is horizontal ; then if the meridian altitude of the object to bo 
takuB is 10*, the index must be moved 10* from 0, as the degrees on the circle and the 
altitude of the object will correspond. 



708. What is a transit instrument t Size? How mounted? Describe parts a 
Ip tibie cut How set the instrument for the altltode of a star? Wh*t oawMiuitioff 
Broken oi f 
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' TRANSIT IKSTBUMKirr, WA8HINOTOM, D. a 

704. This instrument is located in the .National Observatory 
at Washington, D, C. It is mounted upon piers of granite, which 
rest firmly upon a foundation of stone, extending ten feet below 
the surface of the ground. The object-glass was furnished by 
Merz &; Mahler, and the instrument was constructed by £Kel i 
Son, Munich. The entire cost was $1,480. 

TO-L Whorolooatedr How oMKUited? B/wbomnadtf OiHt? 
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mnivTAir craouB at albaki, jr. t. 

705. This is a superior transit instrument, with a mural 611*016 
attached. It is located in the east wing of the Dudley Observa- 
tory, at Albany, N. Y., and rests upon piers of Lockport lime- 
stone, which rest upon a bed of sand and gravel, some ten feet 
below the floor of the cellar. Taken as a whole, it is probably 
the best transit instrument in the United States. 

1. A Mural Oirds is a \arf[e n-adnated circle, with a telescorte crosslnff its center, nied 
fur the raeasnrement of the altitudes and zenith distances of the heavenly tNxlies, at th«- 
instant of their crossln^r the meridian. They are usually fixed um>n a horirontal axis, 
tliat turns in a socket firmly fixed in a north Aid south wall. The degrees, minutes, 
and seconds on tho circle are read by means of microscopes, and indicate the alkltuda^ 
ot the •biect The Mural Circle and a transit instrument as now combined, are called 
a Meridian OircU, 

705. Where located r How mounted f Ck>mparatlTelmDortance? What it a Jfinroi 
Oirclsf Uief Hownaaally m<Mmt«df How combined r What called t 
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1 The old Mnrft] Circle It now being rapidlj taperseded by the Meridian Ctrnto te 
the beat obeenratorlec 

706. A Comet Seeker is a re- a oosibt eEana. 
fracting telescope with a large 
aperture and short /ocal distance. 
As comets cannot be found by 
their right ascension and declina- 
tion, but often have to be 
searched up, by sweeping around 
the heavens with a telescope, be- 
fore they became visible to the 
naked eye, it is important to 
have telescopes that will cover 
considerable space — ^that is, of 
wide aperture and short focal distance. Such a telescope was 
made by Mr. Fitz for MLss Mitchel, of Newport, R. I. 

Miss Mitchel It an amateur attronomer, and hat the honor of haying dltoovered a nam- 
ber of new comett. 

707. An Astronomical Clock is a clock adapted to keep exact 
sidereal time. Taking the vernal equinox in the heavens as the 
zero point, and reckoning 24 hours eastward to the same point 
again, the time — ^reckoning 15° to an hour — when an object 
crosses the meridian, will always represent the right ascension 
of the object. Hence right ascension is usually given in hours, 
minutes, and seconds ; or in time by the astronomical clock, set 
by the vernal equinox. 

Profettor Mitchel, we believe, made tome valuable Improvementt In attronom'oal 
elockt. A very fine inttrument of thit kind it located in the Dndlej Obtervatory, at 
Albany, N. Y. 

RBFLKCTINO TBLESC0PK8. 

708. The Rejlecting Telescope is one in which the light is con- 
vei^ed to a focus by means of a concave metallic reflector or 
speculum. Like- the JRe/ractars, they may be constructed with 
^ery little mounting ; though for convenience in use, it is neces- 
sary to place the reflector in a tube. 

The student should fully understand the difference between the two kindt of tele* 
b«x>pes, viz. : reactor* and r^fltctara. In one respect thoy are alike, as they both con- 
vArge the rays of llfrht to a focus; but they do it by widely different prooestet, as tbt 
following paget will show. 

70«. What it a comet tcekcrt Why neoettary? 707. What it an aatrottoulctl 
tlockf 70t. Dotcrlbe a reflecting teletcope. Slmplett form ? 
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BDIFUST FOAM OF ▲ JIBPUOTIHO T!a.S8COPS^ 




In this cut, the liffat A It teen paisiDf from the object on the right, and falling upon 
tt|« concave tnrface of the reflector at B, from which it la reflected back to a focu«, und 
enters the eye of the observer at 0. This telescope has do eye-piece. 

108. The focal distance of a concave reflector is equal to half 
the radius of the sphere formed hy the concave surface pro- 
daced. Hence to grind a reflector for a focus of 20 feet, it will 
be necessary to have the curve that of a circle whose radius is 
10 feet. 

POOIL DISTAVCV OT A OOKOAVU ttETLaOTOR. 




Here the carve of the specalnm B is that of a circle, whose eenttf 
In ; while the f(*ous of the speculum Is at D, which is only hal^ 
the distiince from B to 0. 



709. Reflecting telescopes are of several kinds — viz., the Gre- 
srrruf/n, the Newtonian^ the Caaspgranianf the Herxckdian, &c 
The Gregorian Rejl^dor has an aperture in the center of the 
f:peculum, and a small concave mirror in the focus of the sp^cu- 
iim, which reflects the light back through the aperture to the 
eye-piece. In this way the observer is enabled to face the 
object, and to direct the telescope toward it, as if it were a 
refractor. 



laa. Foeat distance? 
Why called Gregorian f 



709. How many kinds of reflectors t Describe the Oregortoiii 
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OIUKIOIIUX lUUUMTrOS. 




f1er« the light A MU upon the ■pecalum at B, and is reflected back to the nnall mir 
ror 0, bj whleh It ii thrown oat through the aperture in the specnluni, to the ej e of the 
obeenrer at D. The ol^ect la supposed to be off on the right, in the direction towards 
which the Instrument Is pointed. It is called a Gregorian telescope, after Mr. James 
Qregorj, who first suggested the construetioD of reflecting telescopes. 

7 10. The Newtoma/n Reflector is so called after Sir Isaac 
Newton, its inventor. Instead of a concave mirror in the focos 
of the specalnm, he placed a plane mirror there, inclined so as 
to reflect the light to the side of the tube, where it was received 
by the observer. 

HSWTONIAN aKTUCTOB. 




The light trom the speculum is here shown falling upon the inclined mirror in the een* 
ter, and reflected out to the eye of the observer. 

711. The Cassegranian ReJUdar is so called from M. Gasse- 
grain, its inventor. It resembles the Gregorian, except that the 
speculum placed in the focus of the reflector is aytivez instead of 
concave. 

The HerscMuffi Eefledor differs from all othL>rs, iti UsTing no 
email reficrtoi- whatever ; the ligbt being refiet'tetl back to a 
focu&5 at the top of the telescope, atiii near the edge of the tabe, 
where the eye-piet^e is pkccd, and where the observer sits look- 
ing into the mirror with hii back to the object. 




Here the concave speculum is seen to be Inclined a little to Uie lower side of the tube, 
»o that the parallel rays A are reflected back to the observer at B, at the rtde of the 
(Bstrument, where the eye-piece is placed. - 

^710. Newtonian reflectors? TIL Cassegranian? DiiTercnoe? Henclidlan? Wb«f» 
cye>piccc? How observer sit ? 



14* 
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712. The first telescope coDstraeted upon this plan was that 
l>y Sir William Herschel, in 1782. This was called his 20 feet 
reflector, and was the instrament with which he made many of 
his observations upon the double stars. In 1789, he completed 
\i\B forty f tit reflector, until recently the largest telef»cope evei 
constructed. 

am WILUAM HBK8CUKL*S rORT\' FSBT HOPLOtTOU. 




713. The speculum of this instrument is 4 feet in diameter, 3 J 
inches thick, and weighed, before being ground, 2,118 pounds. 

712. Flwt Herschelinn telescope ? What called? Next? 713. Herechers forty feet 
reflector? Size of Speculum? Weight? Tube? Length and Weight? How mounted? 
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The tobe is made of sheet iron riyeted together, and painted 
within and without. 

The IdDffth of the tube to 89 feet 4 inches, and Iti weight 8,360 poaudls. It ii ekrated 
or lowered by tackles, attached to strong frame- work ; and the observer, who sits In a 
chair at the upper end of the tube, and looks down into the reflector at tlie bottom, la 
raised and lowered with the instrument. Three persons are neceasaiy jo vae this t«te- 
scope— one to observe, another to work the tube, and a third to note down the obserTa- 
tions. A speaking tube runs from the observer to the house where the assistants are at 
work. By this telescope, the sixth and seventh satellites of Saturn were discovered; 
and it was the chief instrument used by its diitinguished owner, in making the obsenra. 
tions and discoveries which have immortalised his name, and which have so abundantly 
wriched and advanced the science of astronomy. 

LORD ROKSS'S GSBJlT a»FLKCTIKO TKLKSICOPI. 




7U. This is the largest reflecting telescope ever constructed. 
The speculum, composed of copper and tin, weighed three tons as 
it came from the mould, and lost about ^th of an inch in grinding. 
It is 5^ inches thick, and 6 feet in diameter. It was cast on 
the 13th of April, 1842, and was cooled gradually in an oven for 
16 weeks, to prevent its cracking, by a sudden or unequal reduc- 
tion of the temperature. This speculum ha? a reflecting surface 
of 4071 square inches. The tube is mac^ of deal woo4, one 
inch thick, and hooped with iron. Its diameter is seven feet, 
and its length 56. 

The entire weight of this telescope !s twelve tons. Ii is mounted between two north 
and south walls, 24 feet apart, 72 feet long, and 48 feet high. The lower end rests upon 
an universal hinge. It can be lowered to the horizon, and raised to the lenith and 
lowered northward till it takes In the Pole Star. 

Observer where? Usefulness? 714. Lord Ro8s*»s telescope? Weight of spc-uhTiTv 
Diameter? Thickness? Cooling? Tube? Entire weight? Hnw mounted ? WJial 
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OBeKBVATORIRS AND TRLR800PK8 IN THK UNimD STATRA. 



Obsbktatobib^ 



Tale CollM^e. 

Wesleyi&n university 

Williams College. 

Hadson, Ohio 

Philadelphia 

West Point 

Washington 

Cincinnati 

Cambridge 

Dartmouth College. 

Georgetown 

Krskine 

Shelby 

Colambia (3. C.) College 

Columbia (Mo.) 

Frienda, PhiUdelphia 

▲mhcrst College 

Michigan University 

Dudley, Albany, N. T. 

Hamilton College 

J. Ja<dL8on, near Philadelphia. . . 
Mr. Longstreet, Philadelphia.... 
8. G. Gommere, Burlington, N. J. 

R. Yanarsdale, Newark, N. J. 

W. 8. Van Dozee, BulTalo, N. Y. . 

W. 8. Dickie, Elkton,Ky. 

D. Mosman, Bangor, Me. 

J. Canapbell, New York 

L, M. Butherford, New York .... 



THRIE TKLR8COPKS. 



Wh-n 
procured. 



1880 
1886 
11886 
[1852 
1887 
1840 
1841 
1844 

u 

1846 

1848 
1849 

u 

1850 

1851 

1852 

1846 

1854 

1858 

1857? 

1857 

1846 

u 

1847 
1850 
I 1651 



1852 



Namoof 
maker. 



Dollond. 

Lerebours. 

Holcomb. 

A. Clark. 

Simms. 

Merr. 

Lereboors 

Mera. 



Simms. 
Fitz. 
Merz.. 
Fitz. 



Clark. 

Fitz. 



Fitz. 



Focal 


length. 


ft in. 


10 — 


7 - 


10 — 


9 — 


5 6 


8 4 


8 - 


15 8 


17 — 


22 6 


9 — 


* 7 6 


7 — 


10 4 


6 4 


5 — 


7 - 


8 6 


17 — 


15 2 


16 — 


8 4 


7 — 


5 - 


7 — 


8 4 


11 — 


6 — 


5 — 


10 — 


9 6 



Ap«rtura of 
object glaae. 



inches. 

5 

6 
reflector. 

7 

4 

? 

»'6 
12 
15 

6-4 

4-8 

5-6 

75 

61 

4 

5 

7* 
12* 
18 

m 

6 8-10 
5 

4 

5 

6f 

8i 

4* 

4 

8 

9 



$1,000 
1,000 



1,900 

6,000 
9.487 
19,842 

1,600 
1.050 
8,500 
1,200 
225 

1,800 

6,000 

14.500 

10,000f 

1.888 

900 

425 

750 

1,0(K) 

2,220 

80(1 

225 

l,lo0 

2.200 



FOB SIGH OBSEBYATOKnn 


— TlIKia LATTTCDB 








Obscktatobibs. 




Latitude. 




Lonaritnde in Time. 


AltoniL 

Armagh 


53 

54 
52 
50 
52 
83 
55 
58 
68 
55 
51 
61 
54 
48 
88 
48 
60 
41 
45 
48 


82 
21 
80 
51 
12 
56 
40 
22 
23 
57 
81 
28 
42 
8 
6 
50 
56 
53 
4 
12 


45 

12.7 

16.7 

10.7 

51.8 

8 
53 
47.1 
18 
28.2 
47.9 
88.2 
60.4 
45 
44 
13 
29.7 
54 

6 
85.5 


N. 
N. 
N. 
N. 
N. 
8. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
• N. 
N. 
N. 
N. 
N. 
N. 
N. 



2 


1 


m. 
39 
26 
58 
17 


13 
50 
46 
25 
12 
89 


22 
46 
58 

9 

1 
49 
80 

5 


s. 

46.2 
85.5 
84.9 
27.2 
28.5 
56.0 
19.3 
54.6 
22 
48.0 
46.8 
0.0 
0.4 
25.4 
25.5 
21.5 
18.5 
54 7 
48.4 
82 6 


£. 

W 


Berlin 


K 


fonssels ...•.•...•..••..........•.. 


K. 


Cambridge 


K 


Cane of Good Hone 


K 


(ToTH^nhiur^n rr....trB«tB.. 


K. 


Dorpat 


K 


Dublin 


W. 


ir^lnhnmrh 


W. 


Ck&ttinsren 


E. 


Ofi^fkn wlfiK ,,,,,,.,,,,,, ..•••- 




K5niffsbenr , 


K 


Iftuiich. 


E. 


Palermo .t..*^*-.---------.-------- 


E. 


Paris 


E. 


Vct^rsburff ..•••••. ................ 


E. 




K. 


tnrin 


K. 


Vienna 


K. 



699. Pnblio observatories in this country t Largest telescope t Table? Privet 
•bservatories->names? Telescopes— by wh<nn mostly made? What otliei table ? 
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CHAITER XX. 
PROBLEMS AND TABLES. 

PROBLEM I. 
TO OCKTXRT PVOREBS, ETC., INTO TIME. 

Rule I — ^Divide the degrees by 15, for hours ; and molliply tA« 
li^mainder, if any, by 4, for minutes. 

2. Divide the odd minutes and seconds in the same manner by 
15 for minutes, seconds, <fec., and multiply each remainder by 4, 
lor the next lower denomination. 

Example l.-Convert 32° 34' 45" into time. 

Thus, 32**-T-15=2h. 8' 

34 —15= 2 16' 

45 —16= 3 



Ans. 32° 34' 45''=2h. 10' 19' 

Example 2. — If it is 12 o'clock at this place, what is the time 
20° east of us ? 

Thus fifteen in 20°, once, and five over ; the (ynce is 1 hour, 
and the 5 multiplied by 4, gives 20 minutes ; the time is then 
1 hour and 20 minutes past 12. 

Example 3. — ^The longtitude of Hartford is 72* 50' west of 
Greenwich; what time is it at Greenwich when it is 12 o'clock at 
Hartford ? Ans. 4h. 61m. 20s. 

Example 4. — ^When it is 12 o'clock at Greenwich, what k the 
time at Hartford ? Ans. 7h. 8m. 40s. 
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PROBLEM II« 
TO CONVERT TIME INTO DEGREES, ETC. 

BcjLE. — Multiply the hours by 15, and to the product add oiio- 
fbnrth of the minutes, seconds, <fec., observing that every minute 
of time makes J°, and every second of time J'. 

Example 1. — In 2 hours, 10 minutes, and 19 seconds ; how 
many degrees? 
Thus; 



2h. 10m. 
16 


19. 


30° 

2 30' 
4 


45' 



Add 10 quarters, or } of the min. 
Add 19 quarters, or J of the sec. 

Ans. 32° 34' 45*' 

Ex. 2. — ^When it is 12 o'clock at Hartford, it is 4 hours, 61 
minutes, and 20 seconds past noon at Greenwich ; how many 
degrees is Ilartford west of Greenwich ? 

Thus : 16 times 4 is 60— added to J of 61, is 72' 46^ and 
this increased by J of 20, is 72° 60'. Ans. 

Ex. 3. — A Liverpool packet, after sailing several days from 
New York, finds the time by the Sun 2 hours and 40 minutes 
later than by the ship's chronometer : how far has the ship pro- 
giessed on her way ? 

Ex. 4. — A vessel leaves Boston, and having been tossed about 
in foul weather for some days, finds, that when it is 12 o'clock 
by the Sun, it is only 11 o'clock and 60 minutes by the watch ; 
is the vessel east or west of Boston ; and how many degrees ? 

Ex. 5. — The moment of greatest darkness, during the annular 
eclipse of 1831, took place at New Haven, 10 minutes after 1 
o'clock. A gentleman reports that it happened precisely at 1 
where he observed it ; and another that it was 6 minutes after 
1 whore he saw it ; Query. How far east or west were these 
gentlemen from each other, and how many degrees from New 
Haven? 
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PROBLEM III. 

rO PI2n> WHAT STARS ARX ON TBE MBRIDIAX AT NIKB O^CLOCK HI 
THB XVXNINO OF ANT OIVIN DAY. 

RuLi. — Look for the given daj of the month, at the bottom 
of the maps, and all the stars having the same d^ree of right 
ascension will be on the meridian at that time. 

Example 1. — ^What stars will be on the meridian at 9 o^clock, 
the 19th of January! 

Solution, — On Map III. I find that the principal stars stand- 
ing over against the 19th of January, are Rigel and Capella. 

Ex. 2. — What stars are on the meridian the 20th of Decem- 
ber ? Ans. Menkar and AlgoL 



PBOBLBM IV. 
any STAR BEING OIYBN, TO FIND WHIN IT CULMINATES. 

Rule. — Find the starts right ascension in the table, or by the 
map (on the equinoctial), and the day of the month at the top 
or bottom of the map will be the day on which it culminates at 
9 o'clock. 

Example 1. — At what time is the bright star Sirius on the 
meridian ? 

Solution, — I find by the table, and by the map, that the right 
ascension of Sinus is 6 hours and about 38 minutes ; and the 
time corresponding to this, at the bottom of the niap is the llth 
of February, 

Ex. 2. — At what time is Alpheratz, in the head of Andronoadi. 
on the meridian ? Ans. The 9th of November. 
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PROBLEM y. 

THE BIOHT ASCENBION AND DECLINATION OF A PLANET BEINa 
GIVEN, TO FIND ITS PLACE ON THE MAP. 

Rule. — Find the right ascension and declination of the planet 
on the map, and that will be its place for the given day. 

Example 1. — Venus's right ascension on the 1st of January, 
1833, was 21 hours, 30 minutes, and her declination 16V south ; 
required her situation on the map ? 

Solution. — On the right hand of the Plate II. I count oflf 16i° 
from the equinoctial, on the marginal scale south, and from that 
point, 30 minutes to the left or just half the distance between the 
XXI. and XXII. meridian of right ascension, and find that 
Venus, that day, is within two degrees of Delta Capricorni, neai 
the constellation Aquarius, in the zodiac. 

Ex. 2. — ^Mars' right ascension on the 13th of March, 1833, ia 
5 hours, 1 minute, and his decHnation 24f ° north ; required hia 
situation on the map ? 

Solution, — I find the fifth hour line or meridian of right ascen- 
sion on Plate III.., and counting upward from the equinoctial 
24f °, I find that Mars is between the horns of Taurus, and about 
5° S. W. of Beta Aurigae. 

Ex. 3. — Required the position of Jupiter and Saturn on the 
13tb of February and the 25th of May? 



problem VI. 

TO FIND AT WHAT MOMENT ANY STAR WILL PASS THE MERIDIAN OH 
A GIVEN DAY. 

Rule. — Subtract the right ascension of the Sun from the 
star's right ascension, found in the tables : observing to add 24 
hours to the star's right ascension, if less than the Sun's, and 
the difference will show how many hours the star culminates 
after the Sun. 
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ExAMPLR 1. — At wbat time will Procjon pass the meriditii o« 
the 24tb of February ! 

Solution.--K A. of Procyon, 7h. SOm. 338. + 24h. 

31 30' 33' 
R. A. of Sun, 24th Feb. 22 29 1 

Ans. 9 1 32 

That is Im. 32s. past 9 o^clock in the evening. 

Ex. 2. — ^At what time will Denebola pass the meridian on the 
drst of April ? 

Solutton.-^R. A. of Denebola is lib. 40' 32' 

R, A. of Sun, April 1, 41 25 

Ans. 10 69 7 
That is, at 59 minutes, 7 seeonds, past 10 in the evening. 

Ex. 3. — At what time on the first day of each month, froii« 
January to July, will Alcyone, or the Pleiades, pass the meri- 
dian ? 

Ex. 4, — At what time will the Dog-Star, or Sirius, culminata 
on the first day of January/ February, and March I 

Ex. 6. — Uow much earlier will Spica Virginis pass the men 
dian on the 4th of July, than on the 15th of May ? 

Ans. 3 hours, 25 minutes. 

PROBLEM vn. 

ro FIWD THE sun's LONGITUDE OR PLACE IN THE ECLIPTIC, OK AWt 
GIVEN DAT. 

Rule. — On the lower scale, at the bottom of the Planisphere 
(Map VIII.) look for the given day of the month ; then the sign 
and degree corresponding to it on the scale immediately above it 
will show the Sun*8 place in the ecliptic. 

Example 1. — ^Required the Sun's longitude, or place in the 
ecliptic, the 16tb of September. 

Solution, — ^Over the given day of the month, September 16th, 
stands 5 signs and 23 degrees, nearly, which is the Sun's place in 
the ecliptic at noon on that day ; that is, the Sun is about 23 
degrees in the sign Virgo, 
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9.B -If th« 6 ligns be multiplied by 80, and the 28 degrees be .vldod to It, II Wfi] t.v% 
^» U*Qf Itude lu degrees, 178. 

Ex. 2. — Required the Sun's place in tlie ecliptic at noon, ot 
the 10th of March. 

PROBLEM VIIL 

ftlvEK THE SUN^S LONGITUDE, OR PLACE IK THE ECLIPTIC, TO FIND HIl 
RIOHT ASCENSION AND DECUNATION. 

Rule. — Find the Sun's place in th^ ecliptic (the curved lice 
which runs through the body of the planisphere), and with a 
pair of compasses take the nearest distance between it and the 
nearest meridian, or hour circle, which being applied to the gra- 
duated scales at the top or bottom of the planisphere (measur- 
ing from the same hour circle), will show the Sun's right ascen- 
sion. Then take the shortest distance between the Sun's place 
in the ecliptic and the nearest part of the equinoctial, and apply 
it to either the e^st or west marginal scales, and it will give the 
Sun's declination. 

Example 1. — ^The Sun's longitude, September 16th, 1833, ia 
6 signs, 23 degrees, nearly ; required his right ascension, and 
declination. 

Solution, — The distance between the Sun's place in the eclip- 
tic and the nearest hour circle being taken in the compasses, and 
applied to either the top or bottom graduated scales, shows the 
right ascension to be about 1 1 hours 35 minutes ; and the dis- 
tance between the Sun's place in the ecliptic, and the nearest 
part of the equinoctial, being applied to either the east or west 
marginal scales, shows the declination to be about 2° 45', which 
is to be called north, because the Sun is to the northward of 
the equinoctial ; hence the Sun's right ascension, on the given 
day, at noon, is about 1 1 hours 35 minutes, and his declination 
2^ 45' N. 

Ex. 2.— The Sun's longitude, March 10th, 1833, is 11 signs, 
19 degrees, nearly ; required his right ascension and decline 
tion ? 

Ans. R. A. 23h. 21m. Decl. 4** 11' nearly. 

problem IX. 
ro FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANT «IVEN TIMI. 

RrLE. — Find the Sun's place in the ecliptic by Problem IX« 
and his right ascension by Problem X., to the eastward of 
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which count off the giTen time from noon, and it will show Ih^ 
right ascension of the meridian, or mid-heayen. 

Example 1. — Required the right ascension of the meridian i 
boars, 25 minutes past noon, September 16th, 1833 1 

Soluiion. — By Problems IX. and X., the Sun's right ascen- 
sion at noon of the given daj, is 11 hours 35 minutes ; to the 
eastward of which, 9 hours and 25 minutes (the given time) 
being counted off, shows the right ascension of the meridian to 
be about 21 hours. 

Ex. 2. — Required the right ascension of the meridian at 6 
hours past noon, March 10th, 1833 ? 

Soiution, — Bj Problems IX. and X, the Sun's right ascension 
at noon of the given day, is 23 hours and 21 minutes ; to the 
eastward of which, the given time, 6 hours, being counted off, 
shows the right ascension of the meridian to be about 5 hours, 
21 minutes. 

EB¥Ams.~Iii ttils example, It may be necesMrj to obeerre, thst where the easterp, oi 
left-band eztremitj of the planiii^ere leaves oS; the weetem, or right-han4 extremitj 
b^ni ; therefore, in coanting off the giren time on the top or bottom graduated scales, 
the reckoning le to be transferred f^om the left, and completed on the right, a« if the two 
eataide edgee of the planisphere were joined togettier. 

PROBLEM X. 

TO FIND WHAT STARS WILL BB ON OR NEAR THE MERIDIAN, AT ANT 
GIYEN TIME. 

Rux^s. — ^Find the right ascension of the meridian bj Problem 
XI., over which laj a ruler, and draw a pencil line along its 
edge from the top to the bottom of the planisphere, and it will 
show all the stars that are on or near the meridian. 

Example 1. — ^Required what stars will be on or near the 
meridian at 9 hours, 25 minutes past noon, Sept. 16th, 1833 ? 

Solution, — ^The right ascension of the meridian by Problem 
XI. is 21 hours : this hour circle, or the line which passes up 
and down through the planisphere, shows that no star will he 
directly on the meridian at the given time ; but that Alderamin 
will be a little to the east, and Deneb Cygni a little to the west 
of it ; also Zeta Cygni, and Gamma and Alpha in the Little. 
Horse, very near it on the east. 

PROBLEM XI. 
TO FIND THE EARTH's MEAN DISTANCE FROM THE SUN 

Rule. — As the Snn^s horizontal parallax is to radius, so k 
ttkt semi-diameter of the Earth to its distance from the Sun. 
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By Logarithms. — As tangent of the Sun's horizontal parallax 
k t») radius, so is the Earth^s semi-diameter to her mean distance 
from the Sun. 

8'.5n6 : 206264'.8 : :8962 : 95,278,869 mUes. 
By Logarithm9, 
As tangent of the 8un*8 horizontal parallax, 8'.5776=: 6.6189407 
Is to radius, or 90*, =10-0000000 

8o is the Earth's semi-diameter, 8962= 8.S979148 

To the Earth's distance, 95,273,869::: 7.97S9788 

PROBLEM Xn. 

ro FIND THE DISTANCE OF ANY PLANET FROM THE SUN, THAT OF THE 
EARTH BEING KNOWN. 

Rule. — Divide the square of the planet's sidereal revolution 
round the Sun, by the square of the Earth's sidereal revolution, 
and multiply the cube root of the quotient by the Earth's mean 
distance from the Sun. 

By Logarilhms. — From twice the logarithm of the planet's 
sidereal revolution, subtract twice the logarithm of the Earth's 
sidereal revolution, and to one-third of the remainder, add the 
logarithm of the Earth's mean distance from the Sun. 

ExAMPLs.— Required Mercury's mean distance from the Sun, that of the Earth being 
95,278,869 miles. 

Blercury's sidereal revolution is 87.969258 dajA, or 7600548* .8912 : the Earth's siderea) 
i^'^Tolution is 865.256374417 days, or 

8 1558151 '.6 7600548.9 

81558151'.6 7600548.9 



995916962096952.25 by which divide 57768267575827.21 
a^id the quotient will be 0.052005106718292, the cube root of which is 0.8870977, and this 
multiplied by 94,881,891, gives 86,727,607 miles, for Mercury's distance from the Sun. 
This problem may be performed by logarithms in as many minutes as the former method 
requires A<wr«. 

Mercury's Sid. Rev. 7600548'.9 log. =6.8808447 > 2 18.7616894 

Earth's Sid. Rev. 8155S151'. Iog.=7.4991802 x 2 14.9982604 

Ji)— 2.7684290 

1.5878097 
Add log. of the Earth's mean distance, 7.97897B8 

Mercury's distance, 86,880,422. Ans. 7.5667885 

If the pupil have not already learned the use of logarithms, this problem will satisfy 
him of their unspeakable advantage over all other modes of computation. By reviewing 
the above calculation, he will perceive that instead of multyplying 81558151'.5 by itself, 
be need only multiply its logarithms by Uoo ! and instead of extracting the cube root of 
0.058005106718292, he need only divide its logarithm by three / and instead of multiply- 
ing 0.8870977, by 95,273,869, he need only cMd their logarithms together. He need net 
think himself a dull scholar, if by the former method he come to the true result in ^f« 
kour§; ner remarkably quick, if by the Utter he come to it in Jive minute§, 

PROBLEM Xm. 

TO FIND THE HOURLY MOTION OF A PLANET IN FTS ORBIT. 

Rule. — Multiply the planet's mean distance from the Son bj 
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CS881858, and diyide tbe prodact by the time of the planef a 
sidereal reyolation, expressed in hoars, and tbe decimi^ of an 
honr. 

By Logarithms. — Add 0.7981799 to the logarithm of the 
planet's mean distance from the Sun, and from the sum subtract 
the logarithm of the planet's revelation expressed in hoars. 

CUMPUL— Required ttie Earth's hourly motion In Iti orbit. 

Lof. of brth*t di8Unce:=7.9780788-(-0.7981799s 8.7771587 

Subtract lof . of Earth's revoluUoD 8.942S090 

OiTof Earth's horarj motion, 6S;28S miles, 4.834844r 

PROBLEM XIV. 
TO FIND THE HOURLY MOTION OP A PLANET ON TTS AXIS. 

Rule. — Mnltiply the diameter of the given planet by 3.14159, 
ond divide the product by the period of its diurnal rotation. 

By Logarithms, — Add 4.0634624 to the logarithm of the 
planet's diameter, and from the sum subtract the logarithm of 
its diurnal rotation, expressed in seconds. 

Earth's diameter, 7924 log. s 8.898M45 

Add loff. of 8600' ^ log. of 8.14189 s 4.0684584 

7.95S8969 
Subtract log. diurnal rotation, 98h. 6« 4'.09 a 4.9858268 



Ana. 1040.09 mOes 3 8.0170706 

PROBLEM XV. 
TO FIND THE RELATIVE MAGNrrUDB OF THE PLANETS. 

Rule. — Divide the cube of the diameter of the larger planet 
by the cube of the diameter of the less. 

By Logarithms, — From three times the logarithm of the 
larger, subtract three times the logarithm of the less. 

ExiMPLK^ — How much does the size of the Earth exceed that of the Moon f 

Earth's diameter. 7912 log. 8.89S2S68 x 8= 11.6948589 

Moon's diameter, 2160 log. 8.8818876 x 8= 10.0080123 

The Earth exceeds the Moon, 49.1865 times. Ans. 1.6918461 

in this example, 7912 miles is assumed as the fTiean between the Earth's equatorial 

and polar diameter: the former being 7924, and the latter 789S miles. 

PROBLEM XVI. 

TO FIND THE PROPORTION OP SOLAR LIGHT AND HEAT AT EACH OF 
THE PLANETS. 

Rule. — Divide the square of the planet's greater distance 
from the Sun, by the square of the less. — Or, subtract twice the 
logarithm of the greater distance from twice the logarithm of 
the less. 
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Example. — How much greater is the Sau*8 light and heat at 
Mercury, than at the Earth ? 



Log. of Earth*i distance 
" of Mercury's 
Ana. 6.0786 times greaters 



T.9789788 x 2=15.»6TO476 

7.5667959 x 2=15.1835»18 

0.8248568 



PROBLEM XVII. 
TO FIND THE CIRCUMFERENCE OF THE PLANETS. 

Rule. — Multiply the diameter of the planet by 3.14159, or, 
add the logarithm of the planet^s diameter to 0.4971499. 

PROBLEM XVIII. 
TO FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS. 

Rule. — Multiply the planet's mean distance from the Sun by 
i;. 283 1853 ; or, to the logarithm of the planet's mean distance, 
add 0.7981799, and the sum will be the logarithm of the answer. 

PROBLEM XIX, 

ro FIND IN WHAT TIME ANY OF THE PLANETS WOULD FALL TO THE 
SUN, IF LEFT TO THE FORCE OF GRAVITATION ALONE. 

KuLE. — Multiply the time of the planet's sidereal revolution 
by 0.176776 ; the result will be the answer. 

By Logarithms. — From the logarithm <^ the planet's sidereal 
revolution, subtract 0.7525750, and the remainder will be the 
logarithm of the answer, in the same denomination as the side* 
real revolution. 

Required the times, reipectively, in which the several planets woald fall to the Sun of 
the force oi g ravitj. 



Planets would fall lo the Sun. 


Days. 


n. 


M. & 


Logarithms. 


Mercury, 


15 


18 


18 16 


6.1282686 


Venus, 


89 


17 


19 22 


6.58654,24 


Earth, 


M 


18 


83 65 


6.746M67 


Mars, 


121 


10 


86 8 


7.0208817 


Jupiter, 


2C5 


21 


88 85 


7.8206S49 


Saturn, 


1901 


88 


84 4 


8.2157188 


Herschel, 


5434 


16 


53 1 


8.6708897 


Moon to the Earth, 


^ * 


19 


54 57 


5.6304459 
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EXPLANATIONS AND PROBLEMS 

▲DAPTKD TO 

WHITALL'S PLANISPHERE, 

TO MAKE THE LARGE MAPS MOKE USEFUL. 



This is a movable Planisphere, invented and copyrigbted by Henry 
Wbitall, and for sale by the publishers of Burritt's (jEOGRafhy of 
THE Heavens. The stars visible are altogether on one map, over which 
moves a horizon, centred on the North Pole, the circumference 
divided into 24 hours, each hour into 60 parts, for every minute in 
the day, which moves over the 365 days, so that when stopped at any 
day we can read over each dav the mean clock time that all those 
stars in the horizon will each occupy that position, and also read 
over the Arrow, near March 22d, the sidereal clock time (page 
328, art. 707) and right ascension (page 13, art. 18) of the mid-heavens, 
for every one of the 365 days. The Terrestrial Globe is nearly true ; 
we stand where we are, and look around us as we do, and its diur- 
nal motion nearly correct. The Celestial Globe nearly false ; we imag- 
ine we stand where nobody can get, and its diurnal motion nearly the 
reverse of truth, and must be rectified for every day used. The mov- 
able Planisphere nearly true ; we stand where we are, and look at the 
sky nearly as it is, and its diurnal motion nearly correct. The 
Celestial Globe costs $25, with no explanation. The Planisphere, 
of two kinds, one painted like the globe, sold for $3, the other, 
stars white, on a black ground, sold for $3, both make a set, sent by 
mail on receipt of $6, with 99 rules and explanations. 

PROBLEMS FOR WHITALL'S PLANISPHERE. 

If we look directly overhead at 10 o'clock, on the 10th of November, 
(page 18). Bring 10 o'clock, evening, to Nov. 10th. In the Zenith find An- 
drom'e-da, at her feet find her husband, on his knee ; on her right her 
mother ; and just behind her find her father, King of Ethiopia,— -the 
royal family, not separated on three different maps, which I never 
could patch together on the sky, but altogether on one map, with 
all the other Stars and Constellations, each in its proper position in 
connection with the whole ; and move it to any minute at pleasure. 

Perseus et Caput Medusae (page 35-37), is on three large maps, 
his head on the circumpolar, his body on one. and Caput M^ussb on 
another map ; lock them up and find them all together on the painted 
Planisphere. Any minute we wish to look for him found on the cir- 
cumference of the movable horizon, and brought to the day of the 
month, found on the circumference of the Planisphere, inside the 
horizon always see his position, as he never wholly sets in our lati- 
tude. An-drom'e-da is the only one of the royal family that sets. 
Turn the horizon all around to show the circumi)olar constellations. 
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THE DAY OP THE MONTH, THE HOUR AND MINUTE BEING GIVEN, TO 
FIND THE STARS RISING, SETTING, ON THE MERIDIAN, OR IN ANY 
PART OP THE FIRMAMENT. 

Bring the given hour and minute on the circumference of the 
movable horizon, to the given day of the month on the Plan- 
isphere; hold the Zenith overhead, with South horizon toward 
the South, North toward the North, East toward the East, West 
toward the West. On the Planisphere read the names of the 
Constellations and chief stars, each in its proper position, — the stars 
rising in the East, those setting in the West horizon ; by which sim- 
ple arrangement can be seen the stars in any part of the sky, at all 
times sufficiently accurate for most practical purposes. 

What Constellations will be on the Meridian Feb. 10th, 8 o'clock, 
evening ? Ans. Dove, Hare, Orion, Cam'el-o-pard, Little Bear, and 
Dragon, and Wagoner in the Zenith. 

Study each one carefully, in this largest^nd best description ever 
published. Find each on the large maps 3 and 6, then on the painted 
Planisphere, then on the Black one that looks natural, then set it, and 
find them on the sky. 

TO LOCATE TELESCOPIC OBJECTS FOUND AT THE END OP EACH CON- 
STELLATION. 

Bring the hour and minute of R.A., found on the circumference of 
the movable horizon, to the arrow at March 22nd, outside. Under the 
Dec. on the Meridian, find the place of the " Telescopic Object." 

Great Nebula op Orion. — (Page 45. 11), R.A., 5h. 27m, 25s.; 
Dec. S 5°. 30'. To locate it on the Planisphere. To find it rising, 
bring the East 6° South horizon to the sword of Orion ; at any day on 
the circumference of the Planisphere read the hour and minute on 
the circumference of the movable horizon, it will rise at 9 o'clock 
the first of November, read midnight at 16th of September, or 8 
o'clock, evening, Nov. 16tli. 

A Gorgeous Cluster. — (Page 37. 8). R. A., 2h, 8m. 58s ; 
Dec. N. 56° 24' 4", to find when it will culminate south, or come to 
the meridian. Bring the place found on the Planisphere to the 
meridian, jit 11 o'clock, evening, see the 6th of November, or at any 
other day, read the minute. Turn the horizon all around, see it 
never sets. Look at it through a $50 telescope, and see the stars as 
thick as beard on my face. 

A Binary Star.— (Page 126. 7), R.A., 20h. 59m. 43s ; Dec. N. 87^58', 
to find it on the Planisphere, and to tell when it will set. Bring 21 
hours sidereal clock time marked on the circumference of the moval)le 
horizon to the arrow, near March 22, under the Dec, see 61 Cygni, at 
any day outside, read the minute, it will be on the meridian. To tell 
when it will set, turn the horizon until it meets near the N. W. b. N. 
point of the compass, at each day outside, read the minute, it will set 
9 o'clock, Jan. 31st, or midnight, Dec. 16th. 

TO FIND WHEN THE SUN WILL RISE OR SET ANY DAY. 

Bring Eastern horizon for rising or Western horizon for setting to 
any day marked on the Ecliptic, at the same day outside, see the min- 
ute it will take place. 
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WHEN Ain> WHERE CAN MERCURY BE BEEN ? 

Only at or near its greatest elongation. Find in the Almanac the 
degrees of gr. elong. Find the same day on the Ecliptic, from which 
count the number of degrees east, if evening star, or west, if morning 
star. When gr. elong. east takes place in March, April, or May, it 
may be seen soon after sunset. When the gr. elong. west is in 
August or September, look for it before sunrise, sometimes a week 
before it takes place. 

" March 18th, 1873, Mercury gr. elong. E. X8° 37," will be found 
16** Pis ces, about 20° high at sunset, most favorably situated to see as 
evening star in 1873. 

VIA LACTEA— TO find the course and position op the milky- 
way AT any given time. — P. 141. 

Bring the given minute found on the circumference of the movable 
horizon to the given day on the circumfer^ce of the Planisphere. 
The points of the horizoit and the graduated meridian over the Milky- 
Way will show its course and position. 

What is the position of the Milky- Way 14m. past 9 o'clock, evening, 
Jan. 1st ? Ans. From S.E. in Zenith, to N.W. What is the course 
and position of the Milky- Way at 10 o'clock, evening, Sept. 6th t 
Ans. From N.E., in Zenith, to S.W. What is the position of the 
Milkv-Way 8h. 21m., evening, Nov. 25th ? Ans. From East, in 60' 
North Declination to West horizon. What is the position of the 
Milky- Way at 10 o'clock, on the 2nd of May ? Ans. So near the 
East, West, and North horizon as not to be seen. 

TO FIND WHEN THE DOG STAR WILL RISE WITH THE SUN. 

Bring the E.S E. near the centre of the star, and near where the 
E.N.E. meets the ecliptic see the day the sun will be rising with the 
star. (Page 60.) 

TO FIND THE ACHRONICAL RISING OR SETTING OP A STAR. 

Bring the Eastern horizon to the star for Achronical rising ; where 
the western liorizon meets the ecliptic find the day ; at the same day, 
outside, read the hour and minute of Achronical rising. Bring the 
star to the western horizon, where the eastern horizon meets the ec- 
liptic find the day, and at the same day, outside, read the minute of 
Achronical setting of the star. 

HY'DRA (tJie Water Serpent). By the painted Planisphere, bring 
his nose setting in the west, while his tail will not yet be up to the 
meridian. It is 6i hours crossing the meridian. Look at any day out- 
side, and see the hour and minute that will be the position of the stars 
on the sky. When learned, bring any minute to any day desired. The 
student may easily trace it out, as given (page 71-73). Next, the 
CHOW: a, fS,y,d form a large conspicuous trapezium. Look them 
up on the black Planisphere and sky. 

UR'SA MAJOR {the Great Bear—^. 73). Suppose we wish to look him 
up on the 4tli of July, 9 o'clock ; we then bring 9 o'clock on the mov- 
able horizon to July 4th on the Planisphere. Ursa Major will be seen 
half way between the northwest and zenith, running toward the north- 
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west, with his tail up. Running down hill, the handle of the Dipper 
toward the zenith. By the middle of August he will have made a very- 
great change. Bring 9 o'clock to the IStli of August ; see the paws k 
little above, and nearly parallel to the northwestern horizon. On 
Christmas night, he will appear reversed. Bring 9 o'clock evening te 
December 25th, and find the paws not parallel, but nearly perpendic- 
ular to the horizon. The Bear not running down, but up, while the 
handle of the Dipper will not be up, but down. Bring 9 o'clock even- 
ing to the 15th of April, and find his hind paws nearly overhead. 

UR'SA MINOR {the Littl»Bear—p. 96). a Polaris, or North Pole Star, 
in the end of the Little Bear's tail, is 1° 22' 4" from the Pole (or centre 
of the rivet) toward Cassiopeia. In the foreshoulder find fl, y ; near 
his hind quarter find C, 7 : the last four make the bowl of the Little 
Dipper ; e, d, a in the handle make the Butcher's Little Cleaver , Little 
Ladle, Little Frying-Pan, etc. The Pointers point out the Pole Star. 
Between it and the tail of the Great Bear will always be the Little 
Dipper. The Pole Star, /?, a, y beautifully mait out the first meri- 
dian, the line from which Right Ascension begins. Look them up. 

AMONG ALL THE STARS VISIBLE ON A CLEAR EVENING, WHICH IS 
VENUS, JUPITER, OR ANY OTHER PLANET. 

Find in the almanac the time the ^ven planet will rise, south, or set, 
which time also find on the circumference of the movable horizon, and 
bring it to the same day found on the circumference of the Planis- 
phere. If rising, look for the planet's place where the eastern horizon 
meets the ecliptic ; if southing, where the meridian meets the ecliptic ; 
but if setting, where the western horizon meets the ecliptic. 

" Jan. 4th, 1873, Venus sets 8h. 9m. A." (afternoon), and will be found 
25** in Cap-ri-corn'us about 35° high at sunset, 41° east of the sun. 

" March 10th, 1873, Mars rises lOh. 25m. A.," and will be found 13* 
in Libra. " March 21st, Mars stationary ; June 6th, Mars stationary ; 
June 7th, Mars sets Ih. 59m. M." (morning), and will be 27° in Virgo, 
having had a retrograde or a westerly motion among the star of 16°. 

"Jan. 12th, 1873, Jupiter rises 7h. 58m. A.," and will be found 30** 
in Can'cer, not far from Reg'u-lus. 

" May 20th, 1873, Saturn rises llh. 38m. A.," and will be found 3° 
in Cap-ri-com'us. 

TO FIND THE TIME TWILIGHT WILL BEGIN OR END FOR ANY GIVEN 
DAY IN THE YEAR. 

Bring the twilight line to the given day on the ecliptic ; at the same 
day, outside, read the minute it will begin or end. Read pages 297-301. 

EQUATION OF TIME.— Find on the Planisphere the equator 
divided into 360°. The ecliptic, with two graduations, twelve signs, 
30° each, and 365 days. Bring the meridian to 30° on the equi- 
noctical mean clock-time. Behold, it does not meet 30° on the ecliptic, 
the sun's time — showing sun and clock do not agree. One must be 
fast, the other slow ; look along the ecliptic, find March, April, and May, 
and does it not look as if the sun was slow ? as if it has not come to 
the meridian ? See the line of the sun from the Vernal Equinox to the 
summer solstice, on p. 201, " The sun in the ecliptic comes to the 
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meridian before the eqainoctical sun." For fifteen years I worried 
over that, ofttimes netting the headache, but never could understand 
how it was, nor did I meet with anj one whp could tell me, until by 
the Planisphere see the sun rises in the £^8t, comes on to the meri- 
dian, and being that far passed toward the west he must be that much 
fast. Well, how fast ? Note the time and bring the meridian to the 30** on 
the ecliptic, and count about eight minutes fast, then look at the 30**, 
find April 20th, showing the equation of time when the Miquity of the 
ecliptic only is considered. 

Now let us consider the equation of time vheii the unequal moti<m of 
the earth in its orbit only is considered. 

Find on the Plani^pheie the ecliptic ; lay a piece of paper along 
it, making a mark at July 1st, another at July 10th, another at 
July 20th, another at July 31st; lay the mark made at July 1st 
on Jan. 1st, and make another mark at Jan. 10, another at Jan. 
20th, another at Jan. 31, and see how very nearly the motion in 
January will compare with 1 in Fig. Radius Vector, page 267, and 7 
to the July motion. This Figure, adopted by astronomers, seems in 
error. To get the truth brin^ the meridian to July 1st ; note the degree 
on the equinoctial. Bring the meridian to July 31 on the ecliptic, and 
count on the equinoctial about 30° for the motion of the sun in July. 
Try the same for January, and find about 32" for the motion of the sun 
in right ascension in one month and with the Planisphere so compare 
any other month. At the arrow by March 22d, outside, read the 
sidereal clock-time or R. A. in hours and minutes. 

Having explained each cause of the equation of time separately, it is 
now our pleasure to combine both the causes and show the sun fast or 
slow for any given day. 

By the Planisphere, bring the meridian to any day on the ecliptic, 
(the sun's place among the stars at mean noon), at the same day on the 
circumference of the Planisphere read the mean clock-time on the cir- 
cumference of the movable horizon. If before noon, the sun is fast, 
if after noon, slow. Is the sun fast or slow April 14th ? Ans. No, 
neither. At what time does the sun come to the meridian, November 
1st. ? Ans. llh. 44m., or 16m. before noon, fast. When will the sun 
south January 31st. ? Ans. 12h. 14m. 

Page 205, Art. 407. Nine nautical stars can all be found on the 
painted Planisphere, and by turning the horizon find when either will 
rise, south, or set, or its altitude at any moment desired. The painted 
Planisphere is colored like the globe, and, when set, will show the sky 
as seen for 365 days, while the globe must be rectified for each one of 
the 365 days. The Globe sells for $25. Send to the publishers and 
get the Planisphere for $3. They have a black Planisphere, stars 
white on a black ground, to look natural, like the sky, also sold for |3. 
The two make a complete set, sent by mail on the receipt of $6. 

SHELDON & CO., NEW YORK. 
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Sheiiion A Companyi Text^Sookt. 

The Science of C^ovemment in ConnecHan with 
Amevirat^ Institutions. Bj Jobbph Aldbn, D.D., LL.D^ 
Pr««. of SUte Nonnal School, Albany. 1 vol 12ino. Price $1.50. 
Adapted to the wants of Higk Sdioola and Colleges. 

Altlen's Citizen's Manual: a Text-Book on Govemment, in 

Connection with American InstitotionB, adapted to the wants of 

Common Schools. It is in the fonn of questions and answers. 

By Joseph Aldbn, D.D., LLJ). 1 vol. 16mo. Price 50 cts. 

Hereafter no American can be said to be ^d^tecMl who does not thorooghbr 
understand the formation of oar Qovemment. A prominent divine has said^ 
that '' every young; person should careftilly and conecientioasly be tanght those 
diittinctlve ideas which constitate the sabstance of our Constitation, and wliich 
determine the policy of our politics ; and to this end there ought forthwith to 
be introduced into our schools a simple, comprehensive m^ini^i whereby the 
needed tuition should be implanted at that early period. 

SchtnUz^s Manual of Ancietit Hlstm*y; firom the He- 
motest Times to the Overthrow of the Western Empire, A. D. 
476, with ooi^ous Chronological Tables and Index. By Dr. 
Lbonhabd Schmttz, T. H. S. R, Edinburgh. Price $1.75. 

Tfie Eiemefits of Intellectual Philosophy. By Frakcib 

Wayland, D.D. 1 vol. 12mo. Price $1.75. 

This clearlv-written book, ttam the pen of a scholar of emfaient ability, and 
who has had the lar^st experience in the education of the human mind, 
is unquestionably at me head of teztr-books in Ihtellectnal Philosophy. 

Jin Outline of tJie Necessary Laws of ThougJU: 

A Treatise on Pure and Applied Logic, By William Thom- 
son, D.D., Provost of the Queen's College, Oxford. 1 voL 12mo. 
aoth. Price $1.75. 

This book has been adopted as a regular tezt>book in Harvard, Tale, 
Rochester, New York University, &c. 

FairchUds^ Moral Philosophy ; or 9 Th^ Science of 
Obligation. Br J. H. Paibchilds, President of Oberlin 
College. 1 vol. ISmo. Price $1.50. 

The aim of this volume Is to set forth, more ftilly than has hitt»rto been 
done, the doctrine that virtue, in its elementary form, consists in benevo- 
lence, and that all forms of virtuous action are modifications of this principle. 

After presenting this view of obligation, the author takes up the questions of 
Practical Ethics, Government and Personal Rights and Duties, and treats 
them in their relation to Benevolence, aiming at a solution of the problems of 
right and wrong upon this simple principle. 

AiMf of the above sent by mail, vost-paidy on receipt of prioe. 



Digitized by Google 



